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In this thesis, the chemistry of twenty-four bryophyte species has been studied. A 
combination of chromatographic methods was used to isolate thirty-seven new and thirty-
four known compounds. The structures of these compounds were elucidated using a 
combination of techniques, such as NMR, MS, XRD, and chemical modifications. These 
compounds include flavonoids, terpenoids, bibenzyls, simple phenolic compounds, and 
some very specific aromatic compounds. 
 
Chapter One briefly introduces the background of this project including natural products 
in ecology and drug discovery. New technologies and strategies in natural product studies, 
such as LC-NMR, Computer-Assisted Structure Elucidation (CASE) systems, new 
sources of natural products such as One Strain–Many Compounds (OSMAC), 
biotransformation, and some biochemistry methods, are also outlined. Finally, the natural 
products from bryophytes are described.  
 
 Chapter Two mainly includes the chemical studies of ten moss species from which 
seventeen new and ten known compounds were isolated. Phenanthrene derivatives, such 
as dicranopyran (10-hydroxy-5-methoxy-2,2-dimethyl-2H-phenanthro[4,3-b]pyran) and 
another five similar compounds,  were found in Dicranoloma blumii and Racomitrium 
lanuginosum. Ohioensins, pallidisetin A [(9E)-2,3-dihydro-2-phenyl-5-styrylchromen-4-
one], pallidisetin B (2,3-dihydro-2-phenylnaphtho[2,1-f]chromen-4-one), and communin 
A [(9Z)-2,3-dihydro-2-phenyl-5-styrylchromen-4-one] were isolated from Polytrichum 
commune. Himantocladium cyclophyllum produced the unique biflavonoid 
 vii
himantoflavone, which contained one flavone moiety and one isoflavone moiety. 3′,3′′′-
Binaringenin methyl ethers were obtained from Ectropothecium sparsipilum. Pyrronin (5-
phenyl-5H-naphtho[1,2-c]-chromene-1,3-diol) was found in Pyrrhobryum spiniforme and 
Pleurozium schreiberi and leuconin [4,7,9-trihydroxy-1-(4-hydroxyphenyl)-6H-anthra-
[1,9-bc]-furan-6-one] was isolated from Leucobryum sanctum. 
 
Chapter Three is concerned with twenty new and twenty-four known compounds from 
ten liverwort species. Most of them are terpenoids, flavonoids, and bisbibenzyls. Two 
bisbibenzyl acids, blepharonins A and B from Blepharostoma trichophyllum and three 
chlorinated bisbibenzyls (2,10,12,6',14'-pentachloroisoplagiochin C, 2,12,14'-
trichloroisoplagiochin C-1'-methyl ether, 2,10,12,14'-tetrachloroisoplagiochin C-1'-
methyl ether) from Lepidozia chordulifera are the most interesting compounds.  
 
Chapter Four briefly discusses the use of the chemistry of bryophytes in taxonomy. The 
results showed that the chemistry of bryophytes could provide taxonomic supporting 
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Chapter 1 Introduction  
 
Natural products, sometimes called secondary metabolites, are compounds that are not 
essential for the existence of the producing organism. However, it is increasingly 
apparent that they are often able to contribute to the organism’s survival e.g. by 
improving a species’ ability to communicate, defend itself etc. It has been found that 
secondary metabolites can induce or prevent the uptake of nutrients by animal herbivores 
[1]. Plants defend themselves against insect herbivores or mammalian grazing using toxic 
compounds such as phenols e.g. jesenone (1), terpenoids e.g. lactucin (2), alkaloids e.g. 




















Man has made use of many natural products for his own purposes e.g. in the food, 
perfume and cosmetics industries. Natural products are also used in pharmaceutical 
industry. Scientists found that numerous secondary metabolites with complex structures 
were assembled from comparatively few simple molecules, especially amino acids, 
glucose, shikimic acid, C5-isoprenoid units, acetate, propionate, and a source of C1-units 
[3]. A series of biogenetic routes were proposed for these anabolic processes. Isotopes 
such as 2H, 13C, 14C, 15N, and 18O were used to reveal the acetate pathway, the shikimic 
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acid pathway, the mevalonate pathway, the deoxyxylulose pathway, the polyketide 
pathway, and the pathways to produce alkaloids. Natural products can be divided into 
several structure classes, terpenoids, alkaloids, polyketides, nonribosomal peptides, 
phenolics, and so on, based on their biosynthetic pathways. 
 
1.1 Natural products in chemical ecology 
Chemical ecology is the study of the chemically mediated interactions between animals, 
plants, microorganisms and the environment [4]. These interactions include attracting 
mates, associating with symbionts, deterring enemies, fending off pathogens, and so on [5]. 
There are three core research areas: pheromones (where the interactions are between the 
same species), interspecific interactions involving allomones (where the sender benefits) 
and kairomones (where the receiver benefits) [4]. The sesquiterpenoid ainigmaptilone A (4) 
isolated from the Antarctic gorgonian coral Ainigmaptilon antarcticus, can deter 
predation by starfish and inhibit the growth of Antarctic bacteria and diatoms [6]. 
Apparently, ainigmaptilone A is an allomone for the coral. Boars use androstenol (5) and 
androstenone (6) as pheromones to attract sows for mating. In another case, a cyclic 
carbamate (7), which was found in seedlings and growing tissues of grasses and plants, 
can trigger the reproduction in the montane vole Microtus montanus.   This carbamate 






















1.2 Natural products in drug discovery 
Nowadays, many natural product research groups are engaged in drug discovery from a 
variety of natural resources. Originally, the driving force for the formation and 
development of the natural product research was intellectual curiosity. Recently, drug 
discovery plays an increasingly important role. In ancient times, people used plants to 
treat the patients based on their experience and this was accumulated to form today’s 
traditional medicine systems that are still widely used in China, India and many other 
developing countries. It was only natural that the beginning of organic chemistry 
involved studies of biologically active compounds that were readily available from 
natural sources. Efforts in this field have led to the isolation of many compounds, some 
of which have been widely used as drugs to save millions of lives. These compounds 
include anti-malarial agents like quinine (8), artemisinin (9), and cryptolepine (10) [7], as 
well as anticancer compounds such as camptothecin (11), taxol (12) [8] and austocystin D 
(13), namenamecin (14), lomaiviticins (15), pyrrole alkaloids (12-19), and the 
hemiasterlins HTI-286 (20) [9]. Also important are antibiotics such as first generation β-
lactams [penicillin (21)], macrolides [erythromycin (22)], aminoglucosides [streptomycin 
(23)], second generation β-lactams [cephalosporins (24)], third generation β-lactams 
[carbapenems (25)], polyketides [tetracycline (26)], and glucopeptides [vancomycin (27)] 
[10]. According to statistics for 1981 to 2002, 5% of 1031 new chemical entities approved 
as drugs by the US Food and Drug Administration were natural products and another 
23% were natural product derivatives. In the areas of cancer and infectious diseases, over 
60% and 75% of drugs, respectively, are natural products or have natural product origins 
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[11]. To meet the increasing demand for new drugs, new technologies for the investigation 
of natural sources are necessary. 
 
1.3 New technologies and strategies in natural product studies  
There are many limitations that obstruct the development of natural product chemistry. 
Isolation and structure determination of the natural products is one of the major problems. 
To speed up this laborious work, new technologies such as high field NMR spectroscopy, 
LC-SPE-NMR-MS, and automated structure elucidation were developed. In addition, 
scientists have reconsidered the strategies in bioactive natural product discoveries. 
Different sources like plants, marine animals, cyanobacteria, arthropods, and fungi have 
been used to provide novel compounds. Biotechnologies, such as OSMAC (One Strain – 
Many Compounds), biotransformation, and combinatorial biosynthesis, have also 





































































































































































































































1.3.1 New technologies in natural product chemistry 
NMR spectroscopy is one of the major tools used in the structure elucidation of natural 
product studies. Nowadays, 300 MHz and 500 MHz NMR spectrometers are very 
common and 800 MHz or 900 MHz NMR spectrometers are beginning to appear in 
better-funded laboratories. These powerful machines, when equipped with sophisticated 
software, can provide extremely useful information for natural product structure 
elucidation. In fact, many problems that was extremely challenging some years ago are 
now trivial. High performance liquid chromatography is one of the most efficient 
methods to separate complex mixtures. The coupling of HPLC with NMR was an 
obvious step but it has only been relatively recently that LC-NMR has become available 
[12]. Initially, the sensitivity at this technique was not adequate. Due to the limitation of 
the capacity of the LC column and the sample’s relatively short time in the probe, only 
simple 1H-NMR spectra or 1H-1H correlation experiments were available [13]. In order to 
increase the sensitivity and obtain more useful information, LC-UV-Solid Phase 
Extraction (SPE)-NMR-MS combined with a cryogenic probe was developed [14-16]. SPE 
is used to concentrate the samples. A cryogenic probe increases the S/N value about 3-4 
times by lowering the NMR radio frequency coil preamplifier electronics to low 
temperature and maintaining the sample at ambient temperature, thus eliminating the 
thermal electronic noise. It has enabled the direct observation of the 13C spectra of natural 
products with an LC-NMR spectrometer [15]. After tackling the difficulties in natural 
product isolation, the next step is structure elucidation. Many Computer-Assistant 
Structure Elucidation (CASE) systems have been established. The first commercial 
system, ACDLabs Structure Elucidator, and the free or cheaper academic systems, 
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COCON, HOUDINI, and SENECA, have demonstrated their abilities in structure 
elucidation [17]. At the same time, however powerful those systems are, they cannot 
replace people completely. Experienced natural product chemists are still essential in this 
field.  
 
1.3.2 Sources of novel natural products 
Terrestrial plants have formed the basis for natural product studies for a long time. From 
higher plants like Taxus brevifolia Nutt. to lower plants like bryophytes, tens of 
thousands of species have been studied. Besides those antimalarial and anticancer agents 
mentioned above, two plant-derived anti-HIV agents, calanolide A (28) [18] and prostratin 
(29) [19], have progressed into clinical and preclinical development respectively. However, 
it has been estimated that only 5 to 15% of the approximately 250,000 species of higher 
plants have been systematically investigated [20]. Plants are still an invaluable reservoir 
for novel bioactive natural products. When different species of plants are selected, the 
following criteria can be considered: (1) chemotaxonomic criteria, (2) information from 
traditional medicine, (3) field observation, (4) random selection, and (5) endemicity and 
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Terrestrial microorganisms are another important source of novel natural products. 
Besides the antibiotics mentioned above, the cholesterol lowering agent mevastatin (30) 
[22] and the potential antitumor agent epothilone (31), which has the same mechanism of 
action as taxol [23], also originate from microorganisms. Less than 1% of bacterial and 5% 
of fungi species are believed to be known to Science. Only a few of these have been 
studied due to difficulties with their cultivation properties [24]. The number of 
microorganism is estimated to be in the range of 105 to 106. This large number requires 
scientists to find a practicable strategy to select the species to study. Endophytic 
microorganisms are one of the best choices. It appears that all plants are host to one or 
more endophytic microbes, which live on the internal surface of the plants and are 
usually harmless to their plant host. These endophytic relationships may have begun to 
evolve from the time that higher plants first appeared on the earth hundreds of millions of 
years ago. This co-evolution has led to beneficial relationships between endophytic 
microbes and their plant hosts. Plants can provide nutrients and a friendly environment 
for the microbes. In return, the endophytic microbes produce compounds that may act as 
plant growth hormones or may protect the plants from pathogens, insects, and grazing 




















Compared with the terrestrial organisms, marine organisms have been studied to a lesser 
extent because of difficulties with sample collection. As oceans cover 70% of the surface 
of the earth, the marine plants, animals, and microbes must be important potential sources 
for novel natural products. Sponges are one of the treasuries. They have produced many 
compounds, with diverse carbon skeletons, which have been found to interfere with 
pathogenesis at many different points [26]. Like the terrestrial fungi, marine fungi also 
produce many secondary metabolites with antibiotic properties, such as the antibacterial 
agent pestalone (32) [27], the antiviral agent sansalvamide A (33) [28], the antiprotozoal 
agent halorosellinic acid (34) [29], and the antifungal agent trichodermamide A (35) [30]. 
Other marine organisms, such as cyanobacteria, algae, and invertebrate animals, are also 
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1.3.3 Biotechnology in natural product chemistry 
Besides the traditional methods, scientists have also used biotechnology to obtain novel 
natural products. For example, plant cells can be cultured directly in labs to increase the 
quantities and to shorten the production time of secondary metabolites. However, most of 
these methods focus on microorganisms because large quantities are available from 
simple fermentation and the complete genome sequences of a number of species have 
also been determined.  
 
OSMAC (One Strain – Many Compounds) is another technique for the study of microbe 
secondary metabolites. The genome sequences of microorganisms show that most fungi 
and bacteria have the potential to generate more than one type of secondary metabolite. 
For example, sequencing of avermectin (36) producer Streptomyces avermitilis ATCC 
31267 revealed 24 further gene clusters for metabolites of polyketide or nonribosomal 
peptide origins with so-far unknown structures and functions. Not all of these gene 
clusters are expressed simultaneously and most are turned off. By altering the cultivation 
parameters such as media composition, aeration, culture vessel, or addition of enzyme 
inhibitors to activate these gene clusters, it is therefore possible to increase the number of 
secondary metabolites produced [31]. 
 
Biotransformation is also a technique widely used in natural product studies. Bacteria, 
fungi, and yeasts are frequently used to regiospecifically and stereoselectively oxidise, 
reduce, hydroxyate, or glucosidate different substrates to form new compounds, which 
may not be easily obtained by chemical modification. For example, limonene is the most 
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abundant monoterpenoid in nature. D-limonene (37), which is the major component of 
peel oil from oranges and lemons, has a production of 50,000 tons annually at the low 
cost of US$ 1-2/kg. Meanwhile, the closely related monoterpenoid perillyl alcohol (38) is 
widely used in perfume industries and commands much higher prices of more than US$ 
30/kg. Obviously the conversion of limonene to give perillyl alcohol would be a 
profitable business. Each enantiomer of these monoterpenoids has a different smell and 
hence regiospecificity and stereoselectivity are important in the modification process. 
Scientists succeeded in using bacteria, fungus, yeast, and plant cells to modify limonene 
to give many valuable products. For example, D-limonone can be converted to perillyl 





















Of course, the ability to modify organisms genetically would allow control of the 
compound produced. Recent developments in biochemistry and molecular biology have 
made it possible. In this field, polyketides, nonribosomal peptides, and natural product 
glycosylation have been intensively studied. Polyketides and nonribosomal peptides are 
two groups of complex secondary metabolites with important medicinal properties. Each 
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of them is synthesized biologically under the control of multifunctional enzymes called 
polyketide synthetases (PKSs) and nonribosomal peptide synthetases (NRPSs). These 
enzymes contain repeated, coordinated groups of active sites called modules, in which 
each module is responsible for one complete cycle of polyketide or polypeptide chain 
elongation and related functional group modification [35]. Modification of the gene and 
recombination of the modules purposely can lead to the production of desired compounds. 
Glycosylation is a process to attach sugar to secondary metabolites. Such sugar 
attachment can have remarkable influences on modulating pharmacology and 
pharmacokinetic properties. Many successful results have been reached in this field [36, 37]. 
 
 
1.4 Natural products from bryophytes 
Despite the use of new sources and technologies for novel compound discovery, plants 
are still widely studied in the world. Bryophytes belong to phylum bryophyte and include 
three classes Hepaticopsida (liverworts), Bryopsida (mosses), and Anthocerotea 
(hornworts). They are small, terrestrial photosynthetic, spore-bearing plants that require a 
humid environment and can be found all over the world. There are about 20,000 species 
of bryophytes worldwide, which is about five percent of the total of 400,000 plant species 
on the earth [38]. Bryophytes share some common characteristics: (1) all have a 
gametophyte-dominant life cycle; (2) the gametophyte consists of simple leaf and stem-
like or thalloid food production organs anchored to the soil by rhizoids; (3) the 
sporophyte is attached to the gametophyte and is usually completely dependent on it for 
nourishment. [39] Until now, the chemistry of less than 10% of bryophytes has been 
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studied and different types of terpenoids, bisbibenzyls, flavonoids, alkaloids, and other 
novel compounds  have been isolated. Much of this has been documented in regular 
reviews [40-42].  DNA analysis has revealed that mitochondrial group ΙΙ introns are absent 
from liverworts, green algae and all other eukaryotes with an occasional absence in 
mosses, hornworts and all major lineages of vascular plants. However they are present in 
all of the other 352 diverse land plants surveyed. This indicates that liverworts are the 
earliest land plants [43]. Mosses and hornworts may lie between liverworts and vascular 
plants. Among the bryophytes, it is the liverworts that are best known for their rich 
chemistry. Although the mosses also produce secondary metabolites, these are inferior in 
terms of variety of structure, with most studies reporting flavonoids or fatty acids. 
 
1.4.1 Natural products from Mosses 
When biologists studied the symbiotic fungal associations in lower plants, no fungal 
colonies were ever found on moss species. [44] Among the secondary metabolites isolated 
from the mosses, biflavonoids are the characteristic compounds (see Table 1-1). With 
5',3'''-dihydroxyamentoflavone (40) and 5',3'''-dihydroxy-robustaflavone (42) are the most 
common biflavonoids in moss species. More than 50% of biflavonoid-containing moss 
species have these two biflavonoids. Almost all moss biflavonoids contain four similar 
flavonoid units - apigenin (73), naringenin (2,3-dehydroapigenin) (75), luteolin (78), and 
2,3-dehydroluteolin (74). The wide distribution of biflavonoids in vascular plants has led 
scientists to believe that mosses are not primitive embryo-plants but are closely related to 
higher plants [68]. Besides the flavonoids, mosses contain some simple phenolic 
compounds as well as two unusual types of secondary metabolite – the sphagnorubins 
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(77-79) from Sphagnum species [69-71] and the ohioensins from Polytrichum species (see 
Chapter 2-6). 
 
Table 1-1, Biflavonoids from Moss Species 
Moss species Biflavonoids isolated from moss species 





Plagiomnium elatum (Mniaceae) [46, 47] 
 


















Campylopus clavatus (Dicranaceae) [52] 
 
 


























































(Dicranaceae) [53, 56] 
 
 





















Antitrichia curtipendula  
(Leocodontaceae) [47] 
 




Bryum schleicheri (Bryaceae ) [61] 
 
 
Ptilium crista-castrensis (Hypnaceae) [53] 
 
 








Homalothecium lutescens  
(Brachytheciaceae) [64] 
 










































hypnogenol A (57), 
hypnogenol B (58), 
hypnogenol B1 (60) 
hypnumbiflavone A (64) 
3,5,7,4',3'',5'',7'',3''',4'''-nonahydroxy-3',6''-biflavone, (61) 
3,5,7,4',3'',5'',7''-heptahydroxy-3'-O-4'''-biflavone (62), 



















































































































































































































































































































































































1.4.2 Natural products from liverworts 
The chemistry of many liverwort species has been extensively studied and a variety of 
secondary metabolites have been isolated. Terpenoids are considered to be the 
characteristic metabolites of liverworts. However, bibenzyls and their di- and tetramers 
are also frequently produced. Terpenoids are a group of compounds built up of simple or 
multiple C5 units. Dimethylallyl diphosphate (DMAPP) (80) and isopentenyl diphosphate 
(IPP) (81) are the building blocks for terpenoid construction. It is well established that 
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IPP is synthesized in the plastids through 1-deoxy-D-xylulose-5-phosphate (DXP) (82) 
pathway and in the cytosol through the mevalonic acid (MVA) (83) pathway. The 
terpenoid constructing processes with IPP and DMAPP is indicated in Figure 1-1 [72]. 
Many intermediates, such as geranyl diphosphate (GPP) (84), farnesyl diphosphate (FPP) 
(85), geranylgeranyl diphosphate (GGPP) (86), and solanesyl diphosphate (SPP) (87), are 









































































Chapter 2 Natural products from some moss species 
 
There are 10,000 to 20,000 moss species in the world. They have multicellular, branched, 
rhizoids and are abundant in temperate and cold climates. Unlike liverworts, which may 
be thalloid or leafy, mosses are always leafy. Vitt classified these moss species into three 
subclasses and six orders (Table 2-1) [73].  
 
Table 2-1 The classification of Bryopsida 
Subclass Takakiidae Sphagnidae Bryidae 







In the subclass Bryidae, there are three orders, Polythrichales, Tetraphidales, and Bryales. 
Bryales is the biggest order that consists of fifteen suborders and most moss species 
belongs to this order. Of all the studied ten moss species, nine of them belong to this 
order and only one belongs to order Polytrichales (see Figure 2-1).  
 
From 1980s to the 1990s, the chemistry of some moss species had been studied by 
German scientists, who established the chemotypes of moss species. Their studies 
indicated that moss species mainly contained flavonoids and their derivatives including 
biflavonoids and glucosides. Some simple phenolic compounds were also found in some 
moss species. Sphagnorobins and ohioensins were two groups of special secondary 
metabolites that were only found in mosses. During our studies of the chemistry of moss 
species, the secondary metabolites mentioned above were isolated along with some new 
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compounds, which are first isolated from moss species, such as phenanthrapyrans and 
bibenzyl derivatives. Comparison of all the phenolic compounds isolated from moss 






































Bryineae Family:Rhizogoniaceae Pyrrhobryum spiniforme










2.1 Suborder Dicranineae Fleisch 




The large genus Dicranoloma (Ren.) Ren., which is found mainly in the Southern 
Hemisphere, contains about 70 species worldwide. The Malesian region is richest in 
species, with 15, followed by the Australia - New Zealand - Pacific region [74, 75]. Few 
reports of the chemistry of this genus have appeared. Biflavonoids have been isolated 
from D. robustum and D. billardieri from New Zealand [54] whilst fatty acid derivatives 
were obtained from D. cylindrothecium [76].  
 
2.1.1.2. Results and discussion 
Dicranoloma assimile (Hampe) Par. was collected in West Malaysia. Both polar and 
medium-polarity extracts were examined but only one compound, the biflavonoid 3′,3′′′-
binaringenin (59), was isolated. 3′,3′′′-Binaringenin has previously been isolated from a 
number of moss species [66, 67]. 
 
Dicranoloma blumii (Nees) Par. was collected on two occasions in West Malaysia. 
Separation of the CH2Cl2 extract derived from the first collection afforded the known 
terpenoids ent-pimara-8(14),15-dien-19-oic acid (88)[77], friedelanol and friedelin which 
were identified by comparison with literature data or authentic samples. In addition, two 
new phenolic compounds dicranopyran (89) and 13-hydroxydicranopyran (92) were 
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obtained. The second collection of D. blumii was made a few hundred metres from the 
original site and gave, 89 and 92, the known compound 3,5-dihydroxy-4-prenylbibenzyl 
[78] and a small quantity of a third phenanthrene, 2-methoxy-3-(3-methylbut-2-
enyl)phenanthrene-4,7-diol (93), The chemistry difference between these two collections 
































Compound 59 was isolated from the acetone water (4:1) extract of D. assimile. TLC 
results indicated there was an UV active spot, which was positive to the FeCl3 test. The 
fifteen carbon signals including one carbonyl carbon in 13C NMR spectrum suggested a 
flavonoid structure. In 1H NMR spectrum, the three protons, [2.79 (1H, dd, 3.3, 17.1), 
3.24 (1H, dd, 13.0, 17.1)], and [5.52 (1H, dd, 2.8, 13.0)], meant there was a 
dihydroflavone structure. The signals of the A-ring were observed at [12.0 (s), 5.94 (1H, 
d, 2.3), and 5.97 (1H, d, 2.3)], which indicated A-ring was a 5,7-substituted ring. The 
three protons, [7.07 (1H, d, 8.3), 7.44 (1H, dd, 2.3, 8.3), and 7.51 (1H, d, 2.3)], indicated 
that B-ring was either a 1,3,6-trisubstituted ring or a 1,3,4-trisubstituted ring. The HREI-
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MS m/z 542.1205 indicated a symmetrical dimer with molecular formula C30H22O10. 
Comparison the 1H and 13C NMR data with the literature with those in literature proved 
the structure of compound 59 [65, 66]. 
 
ent-Pimara-8 (14),15-dien-19-oic acid (88) 
The characteristic methyl peaks [δH 1.26 (3H, s), 1.00 (3H, s), and 0.65 (3H, s)] in 1H 
NMR spectrum and twenty signals in 13C NMR spectrum showed it was a diterpenoid. 
There were a mono-substituted [δH 5.70 (1H, dd, 10.6, 17.1), 4.94 (1H, dd, 1.9, 10.6), 
4.90 (1H, dd, 1.9, 17.1)] and a tri-substituted olefin [δH 5.15 (1H, s)]. Comparison of the 
1H and 13C NMR data with those in literature proved the structure of compound 88 [77]. 
 
Dicranopyran (89) 
Dicranopyran (89), C20H18O3, had 1H NMR signals (see Table 2-2) characteristic of a 
1,2,4-trisubstituted benzene ring [δH 9.60 (d, J = 9.3 Hz, H-12), 7.19 (d, J = 2.8 Hz, H-9), 
7.17 (dd, J = 2.8 and 9.3 Hz, H-11)], an AB system [δH 7.53 and 7.52 (each d, JAB = 15.1 
Hz, H-7 and H-8 respectively)], an isolated aromatic hydrogen [δH 6.81 (s, H-6)], a cis-
disubstituted olefin [δH 5.70 (d, 9.7, H-3) and 6.86 (d, 9.7, H-4)], a methoxy group [δH 
3.95 (s)] and two equivalent tertiary methyl groups attached to an oxygenated carbon [δH 
1.61 (s, H3-13 and H3-14)]. The very deshielded aromatic hydrogen of 89 (δH 9.60 (d, J = 
9.3Hz, H-12) was typical of H-5 of a 4-oxygenated phenanthrene, e.g. 2,4-
dimethoxyphenanthrene-3,7 -diol (90) in which H-5 resonates at 9.33 ppm [79]. HMBC 
correlations (see Table 2-2) from H-7 to C-6 and from H-8 to C-9 supported a 
phenanthrene structure for 89 and also served to establish the positions of all of the 
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aromatic hydrogens. Difference NOE spectroscopy showed the expected effects 
involving H-6, H-7, H-8 and H-9. A further effect between H-6 and the most deshielded 
methyl group established that the methoxy group was attached to C-5. HMBC 
correlations also showed that the cis-olefin and tertiary methyl groups were part of a 3-
methylbut-1-enyl system and that this moiety was attached to C-4a. A supporting NOE 
was observed between the methoxy protons and H-4. At this point, only two oxygens and 
one hydrogen remained unaccounted for along with one unit of unsaturation. C-10 was 
therefore hydroxylated and an oxygen atom linked C-2 to C-12c forming a pyran system. 
Dicranopyran was therefore 10-hydroxy-5-methoxy-2,2-dimethyl-2H-phenanthro[4,3-
b]pyran. Treatment of 89 with ethereal diazomethane afforded the expected dimethyl 
ether (91). Irradiation of the methoxy groups [δH 3.96 (s) and 3.95 (s)] enhanced the 
signals due to H-6, H-9 and H-11. This compound was named as dicranopyran. Selective 
















Table 2-2.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 89 in CDCl3 
(J in Hz in parentheses) 
Position δH HMBC NOE δC 
  2J 3J   
2     77.0 (C) 
3 5.70 (1H, d, 9.7) C-2, 4 C-4a, 13, 14 H-4, 13, 14 128.4 (CH)
4 6.86 (1H, d, 9.7) C-4a C-2, 5, 12c H-3, OMe-5 117.8 (CH)
4a     110.6 (C) 
5     153.0 (C) 
6 6.81 (1H, s) C-5, 6a C-4a, 7 H-7, OMe-5 100.8 (CH)
6a     115.6 (C) 
7 7.53 (1H, d, 15.1) C-6a C-6, 8a, 12b H-6, 8 127.6 (CH)
8 7.52 (1H, d, 15.1) C-8a C-9, 12a H-7, 9 127.2 (CH)
8a     133.5 (C) 
9 7.19 (1H, d, 2.8) C-10 C-8, 11, 12a H-8 111.6 (CH)
10     152.7 (C) 
11 7.17 (1H, dd, 2.8, 
9.3) 
C-10 C-9  115.9 (CH)
12 9.60 (1H, d, 9.3) C-11 C-8a, 10, 
12b 
H-13, 14 129.4 (CH)
12a     125.1 (C) 
12b     133.5 (C) 
12c     151.6 (C) 
13 1.61 (3H, s) C-2 C-3, C-14  27.7 (CH3)
14 1.61 (3H, s) C-2 C-3, C-13  27.7 (CH3)




13-Hydroxydicranopyran (92), C20H18O3, [α]D +3, showed NMR spectra (see Table 2-3) 
which were very similar to dicranopyran (89) itself. The only important difference was 
that one of the methyl signals had been replaced by those of a hydroxymethyl group [δH 
3.84 (d, 12.1, H-14a) and 3.74 (d, 12.1, H-14b)]. Compound 92 was therefore 13-
hydroxydicranopyran {2-methyl-2-hydroxymethyl-5-methoxy-10-hydroxy-2H-phenan 

















Table 2-3.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 92 in CDCl3   
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
2    79.9 (C) 
3 5.68 (1H, d, 9.7) C-2 C-4a, 13, 14 124.5 (CH) 
4 7.01 (1H, d, 9.7) C-4a C-2, 5, 12c 120.4 (CH) 
4a    110.3 (C) 
5    152.9 (C) 
6 6.83 (1H, s)  C-5, C-6a C-4a, 7 101.3 (CH) 
6a    115.4 (C) 
7 7.53 (1H, s) C-6a  C-6, 8a, 12b 127.5 (CH) 
8 7.53 (1H, s) C-8a C-9, 12a 127.5 (CH) 
8a    133.6 (C) 
9 7.19 (1H, d, 2.8) C-10 C-8, 11, 12a 112.0 (CH) 
10    152.9 (C) 
11 7.14 (1H, dd, 2.8, 9.3) C-10 C-9 116.3 (CH) 
12 9.48 (1H, d, 9.3) C-11 C-8a, 10 128.9 (CH) 
12a    124.7 (C) 
12b    133.8 (C) 
12c    150.8 (C) 
13 3.84 (1H, d, 12.1) 
3.74 (1H, d, 12.1) 
C-2 C-3, 14 67.8 (CH2) 
14 1.61 (3H, s) C-2 C-3, 13 22.5 (CH3) 






The second collection of D. blumii was made a few hundred metres from the original site 
and gave the two pyrans, 89 and 92, described above in addition to the known compound 
3,5-dihydroxy-4-prenylbibenzyl [80]. A small quantity of a third phenanthrene, 2-methoxy 
-3-(3-methylbut-2-enyl)phenanthrene-4,7-diol (93), C20H20O3, was also obtained. Its 1H 
NMR and 13C NMR spectra (see Table 2-4) showed great similarities to those of 89 but 
differed in that a 3-methylbut-2-enyl group [δH 5.30 (m, H-12), 3.67 (d, J = 7.4 Hz, H2-
11), 1.94 (br s, H3-15) and 1.82 (br s, H3-14)] and a hydroxy group (δH 6.42 br s, 4-OH) 
were present instead of the pyran ring system. As before, nuclear Overhauser effects and 
the HMBC spectrum (see Table 2-4) were sufficient to elucidate the structure. In 
particular, NOESY correlations from the benzylic methylene hydrogens (H2-11) to the 



























Table 2-4.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 93 in CDCl3   
(J in Hz in parentheses) 
Position δH HMBC NOESY δC 
  2J 3J   
1 6.83 (1H, s) C-2, 10a C-10 H-10, OCH3-2 100.9 (CH)
2     155.3 (C) 
3     111.7 (C) 
4     153.0 (C) 
4a     132.4 (C) 
4b     124.0 (CH)
5 9.52 (1H, d, 9.3) C-6 C-4b H-6, 4-OH 129.7 (CH)
6 7.14 (1H, dd, 2.8, 
9.3) 
  H-5 116.0 (CH)
7     154.0 (C) 
8 7.19 (1H, d, 2.8)   H-9 111.6  (CH)
8a     132.4 (C) 
9 7.53 (1H, d, 8.9) C-8a, 10 C-4b, 8 H-8 126.8 (CH)
10 7.57 (1H, d, 8.9) C-9, 10a C-1, 8a  H-1 127.4 (CH)
10a     115.4 (C) 
11 3.67 (1H, brd, 7.4)   H-12, 14, OH-4 22.7 (CH)
12 5.30 (1H, m)   H-11, 15 121.4 (CH)
13     133.4 (C) 
14 1.94 (3H, s) C-13 C-12, 14 H-11 18.0 (CH3)
15 1.82 (3H, s) C-13 C-12, 15 H-12 25.9 (CH3)
OH-4 6.42 (1H, br s)     




General experimental details 
Spectroscopy 
NMR spectra were measured using Bruker DPX300 [300 MHz (1H) and 75 MHz (13C)], 
Bruker AMX500 [500 MHz (1H) and 125 MHz (13C)], Bruker AV500 [500 MHz (1H) 
and 125 MHz (13C)], or Bruker DRX500 [500 MHz (1H) and 125 MHz (13C)] instruments 
in CDCl3 (unless otherwise specified). The solvent peaks acted as the internal standards. 
For CDCl3, δH 7.26, δC 77.0; for acetone-d6, δH 2.05, δC 30.5; Multiplicities were 
determined using the DEPT pulse sequence or deduced from 2D HMQC. Coupling 
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constant (J) are measured in Hertz (Hz). The chemical shift δ is indicated in ppm. 
Electron impact mass spectra were obtained on a VG Micromass 7035 instrument at 70 
eV. High resolution electron impact (HR-EI) mass spectra were measured on Finnigan 
MAT95XL-T instrument at 70 eV. Fast atom bombardment (FAB) mass spectra were 
measured on a Finnigan MAT95XL-T instrument at 20 KV with 3-nitrobenzylalcohol 
(NBA) as the matrix. IR spectra were measured on BIO-RAD Excalibur series FTS 3000. 
UV spectra were obtained on Shimadzu 1601PC UV-Vis spectrophotometer. Optical 
rotations were recorded on a Perkin-Elmer 241 polarimeter or Jasco DIP-1000 digital 
polarimeter. X-ray diffraction for single crystal structures was measured on Bruker AXS 
SMART APEX CCD X-Ray Diffractometer. Sadabs (Sheldricks 2001) was used for 
absorption correlations, λ = 0.71073 Å.  
 
Chromatography 
Thin layer chromatography (TLC) was carried out on precoated glass TLC plates – nomal 
phase (Merch, Kieselgel 60F254), C18 silica (Whatman, KC18F, 200 µm), and DIOL silica 
(Merck, HPTLC-Fertigplatten DIOL F254S). Analytical TLC plates were visualized with 
UV light (254 nm) and then stained with I2 vapor or ethanolic FeCl3 (for detection of 
phenolic compounds). Column chromatography (CC) was carried out on silica gel 60 
(Merck, 40-63 µm), C18 (Merck, 25-40µm), or DIOL (Merck, Lichroprep 40-63 µm). For 
gel permeation chromatography (GPC), Sephadex LH-20 (MeOH: CH2Cl2 = 1:1 as eluent) 
was used. High performance liquid chromatography (HPLC) was perfomed on Waters 
600E gradient system with UV detection or RI detection. HPLC columns were 
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Lichrosorb 10 DIOL, 250 × 4.60 mm, Luna 5µ C18, 250 × 4.6 mm, or Partisil 10 silica, 
250 × 4.6 mm. 
 
Plant material 
Dicranoloma blumii (Nees) Par. was collected on Gunung Brinchang, Malaysia in 
December 2003 (GXW010) and again in June 2004 (GXW013). Dicranoloma assimile 
(GXW009) was collected on Gunung Brinchang, Malaysia in December 2004. Samples 
were identified by B. C. Tan and voucher specimens are deposited in the National 
University of Singapore Herbarium (SINU). 
 
Extraction and Isolation  
All species were purified by hand to remove foreign plant material, after which they were 
air-dried and ground. D. blumii (GXW010) (67 g) was extracted with cold CH2Cl2 to give 
a crude extract (1.7 g) after solvent removal. CC of the extract (silica gel, hexane-EtOAc 
step gradient) gave four major fractions, 1-4. HPLC (DIOL, 10% EtOAc-hexane) of fr 1 
gave friedelanol (2 mg) and friedelin (3 mg). Fr 2 gave ent-pimara-8(14),15-dien-19-oic 
acid (10mg) upon the same treatment. Fr 3 gave dicranopyran (89) (5mg) after GPC. Fr 4 
gave 13-hydroxydicranopyran (92) (1 mg) after GPC. 
 
D. blumii (GXW013) (85 g) was extracted as described above to give 2.1 g of crude 
extract which gave four frs (1-4) upon CC (silica gel, n-hexane-EtOAc step gradient). 
After further purification with GPC, fr 2 gave dicranopyran (89) (5 mg) and 2-methoxy-
3-(3-methylbut-2-enyl)phenanthrene-4,7-diol (93) (3mg). Fr 3 gave 3,5-dihydroxy-4-
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prenylbibenzyl 7 (4 mg) and fraction 4 gave 13-hydroxydicranopyran (9) (5 mg), also 
following GPC.  
 
D. assimile (GXW009) (18 g) was extracted with cold dichloromethane for one week to 
remove fats and chlorophylls and then with acetone-water (4:1). After removal of the 
acetone, the second extract was partitioned between water and EtOAc. CC of the EtOAc 
soluble material (0.125 g) (silica gel, n-hexane-acetone 1:1) and further purification with 
GPC gave 3′,3′′′-binaringenin (59) (15 mg). 
 
3′,3′′′-Binaringenin (59) 
Brown solid. 1H NMR (500 MHz, acetone-d6): 2.79 (1H, dd, 3.0, 17.1), 3.24 (1H, dd, 
13.0, 17.1), 5.52 (1H, dd, 3.0, 13.0), 5.94 (1H, d, 2.3), 5.97 (1H, d, 2.3), 7.07 (1H, d, 8.3), 
7.44 (1H, dd, 2.3, 8.3), 7.51 (1H, d, 2.3), 12.0 (s, -OH). 13C NMR (125 MHz, acetone-d6): 
45.2 (CH2), 81.6 (CH), 97.6 (CH), 98.5 (CH), 104.9 (C), 112.7 (CH), 128.5 (C), 129.9 
(CH), 132.8 (CH), 133.4 (C), 157.1 (C), 166.0 (C), 166.9 (C), 169.1 (C), 198.8 (C); EI-
MS m/z (rel. int.) 542 (M+, 20), 389 (15), 153 (54), 126 (100), 69 (55), 42 (40); HREI-
MS: 542.1205 (calc. for C30H22O10, 542.1213). 
 
ent-Pimara-8 (14), 15-dien-19-oic acid (88)  
[α]D –68.2º (CHCl3, c0.17), {lit. [α]D -108º [72] }; 1H NMR (500 MHz; in CDCl3), 5.70 
(1H, dd, 10.6, 17.1), 5.15 (1H, s), 4.94 (1H, dd, 1.9, 10.6), 4.90 (1H, dd, 1.9, 17.1), 2.35 
(1H, ddd, 2.3, 4.2, 13.9), 2.17 (1H, d, 13.0), 1.99 (1H, dt, 4.6,13.4), 1.89 (2H, d, 13.4), 
1.79 (1H, tt, 3.7, 13.4), 1.46 (1H, dt, 13.9, 3.2), 1.26 (3H, s), 1.05 (1H, tt, 4.2, 13.4), 1.00 
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(3H, s), 0.65 (3H, s) ; 13C NMR (125 MHz; in CDCl3), 179.1 (C), 147.2 (C), 137.9 (C), 
128.0 (CH), 112.8 (CH), 56.0 (CH), 50.5 (CH), 43.9 (C), 39.2 (C), 39.1 (CH2), 38.5 (C), 
38.1 (CH2), 36.4 (CH2), 35.8 (CH2), 29.3 (CH3), 29.1 (CH3), 24.1 (CH2), 19.6 (CH2), 19.2 
(CH2), 13.8 (CH3). 
 
Dicranopyran (89) 
(10-hydroxy-5-methoxy-2,2-Dimethyl-2H-phenanthro[4,3-b]pyran), gum. UV: λmaxmethanol 
nm (log ε): 248.0 (4.4), 277.0 (4.3), 324.0 (3.9), IR: νmaxKBr cm-1: 3594, 3020, 1215, 783, 
739, 669. 1H and 13C NMR: see Table 2-2. EIMS 70 eV, m/z (rel. int.): 306.1 (71), 291.1 
(100), 276.0 65), 248.0 (41), 138.0 (49), 124.0 (20), 101.0 (29); HREI-MS: m/z [M+] 
306.1260 (calc. for C20H18O3, 306.1251). 
 
10-O-Methyldicranopyran (91) 
 (2,2-Dimethyl-5,10-dimethoxy-2H-phenanthro[4,3-b] pyran).Treatment of 89 (5 mg) 
with ethereal diazomethane gave 10-O-methyl dicranopyran (91) (1 mg). Gum. 1H NMR 
(500 MHz, CDCl3): 9.69 (1H, d, 9.3), 7.58 (1H, d, 8.9), 7.54 (1H, d, 8.9), 7.26 (1H, d, 
2.8), 7.22 (1H, dd, 2.8, 9.3), 6.86 (1H, d, 9.7), 6.82 (1H, s), 5.70 (1H, d, 9.7), 3.96 (3H, s), 




[α]D –3.0 (CH2Cl2, c 0.50); UV λmaxmethanol nm (log ε): 262.5 (3.81), 307.5 (3.2); IR: 
νmaxKBr cm-1: 3683, 3614, 3019, 1213, 779, 744, 669; 1H and 13C NMR: see Table 2-3. EI-
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MS 70 eV, m/z (rel. int.): 322.1 (15), 291.1 (100), 276.1 (25), 248.0 (15), 138.0 (10), 
124.0 (5), 101.0 (8), HREI-MS: m/z [M+]: 322.1203 (C20H18O4, calc. 322.1200) 
 
Methoxy-3-(3-methylbut-2-enyl)phenanthrene-4,7-diol (93).  
Gum. UV λmaxmethanol nm (log ε): 263.5 (4.37), 308.5 (3.6); IR: νmaxKBr cm-1: 3689, 3054, 
1604, 1422, 1217, 896, 697; 1H and 13C NMR: see Table 2-4; EI-MS 70 eV, m/z (rel. int.): 
308 (43), 291 (38), 252 (100), 237 (16), 209 (26), 181 (10), 165 (8), HREI-MS: m/z [M+]: 

















2.1.2. Family Leucobryaceae, Leucobryum sanctum (Brid.) Hampe. 
2.1.2.1 Introduction 
Although Leucobryum sanctum is a common moss species with worldwide distribution, 
no studies of its chemistry have been published. During our studies of the chemistry of 
this moss species, two simple aromatic compounds, p-hydroxybenzoic acid and p-
hydroxybenzaldehyde, and one novel compound leuconin (94) were isolated. 
 
2.1.2.2 Results and discussion 
Leuconin (94) 
Compound 94, C21H12O6, had a relatively simple 1H NMR spectrum (see Table 2-5). It 
contained an AA'BB' system [δH 7.11 (2H, d, 8.8) and 7.83 (2H, d, 8.8)], two pairs of 
meta-coupled protons [δH 6.38 (1H, d, 2.0), 7.26 (1H, d, 2.0), 7.35 (1H, d, 2.0), and 7.54 
(1H, d, 2.0)], three non-chelated hydroxy groups [δH 9.22 (OH, s), 9.28 (OH, s), and 9.66 
(OH, s)], and one chelated hydroxy group [δH 14.18 (OH, s)]. NOE effects between H-8 
[6.38 (1H, d, 2.0)] and OH-7 [δH 14.18 (OH, s)] and OH-9 [9.66 (OH, s)] led to the 
position of H-8. HMBC correlations from H-8 to C-6a, C-7, and C-10 and HMBC 
correlations from H-10 [7.26 (1H, d, 2.0)] to C-6a, C-9, and C-1a established the first 
aromatic ring and suggested a substructure 1. HMBC correlations from H-3 [7.35 (1H, d, 
2.0)] to C-2, C-4, C-5, C-1a and from H-5 [7.54 (1H, d, 2.0)] to C-4, C-3, C-1a 
established the second aromatic ring. NOE effects between OH-4 and its adjacent protons 
H-3 and H-5 established positions of the hydroxy group. The HMBC correlations from 
H-5 to carbonyl carbon C-6 established the connection between the two aromatic rings 
and led to the substucture 2. The AA'BB' system [δH 7.11 (2H, d, 8.8) and 7.83 (2H, d, 
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8.8)] provided the third aromatic ring. HMBC correlations from H-2' and H-6' to C-1 help 
to assign the 1H NMR and indicated that this benzene ring was connected to C-1. The 
chemical shift of C-1 [δC 158.4] showed C-1 was an oxygenated sp2 carbon. This 
information established substructure 3. As there were only six oxygen atoms in this 
compound, substructure 1 and 2 must shared the same oxygen atom that connected C-1 to 
C-2. Finally, there was only one assigned quaternary carbon [δC 126.7] remaining. As no 
HMBC correlations related to C-1 were observed, the position of C-1 could not be 
determined. However, the left two single bonds and one double bond being connected to 
quaternary carbon C-1 to complete the structure of compound 94 was a reasonable result.  
The NOE effects between H-10 and H-2'/H-6' also support the structure. Compound 94 
was 4,7,9-trihydroxy-1-(4-hydroxyphenyl)-6H-anthra-[1,9-bc]-furan-6-one. The 
proposed biogenesis (see Scheme 2-1) involves a stilbene intermediate and 3,5-











































Figure 2-7 Selective NOE effects of compound 94
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Table 2-5.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 94 in acetone-d6  
 (J in Hz in parentheses) 
Position δH HMBC NOESY δC 
  2J 3J   
1     158.4 (C) 
1a     125.9 (C) 
2     154.8 (C) 
3 7.35 (1H, d, 2.0) C-2, 4 C-5, 1a OH-4 105.4 (CH) 
4     159.1 (C) 
5 7.54 (1H, d, 2.0) C-4 C-3, 1a, 6 OH-4 109.0 (CH) 
5a     136.3 (C) 
6     188.5 (C) 
6a     112.8 (C) 
7     169.1 (C) 
8 6.38 (1H, d, 2.0) C-7, 9 C-6a, 10 OH-7, OH-9 103.9 (CH) 
9     165.5 (C) 
10 7.26 (1H, d, 2.0) C-9, 10a C-6a, 8 H-2', OH-9 104.3 (CH) 
10a     110.0 (C) 
10b     126.7 (C) 
1'     123.1 (C) 
2' 7.83 (1H, d, 8.8) C-3' C-1, 4' H-3' 132.2 (CH) 
3' 7.11 (1H, d, 8.8) C-2', 4' C-1' H-2', OH-4' 117.6 (CH) 
4'     161.3 (C) 
5' 7.11 (1H, d, 8.8) C-4', 6' C-1' H-6', OH-4' 117.6 (CH) 
6' 7.83 (1H, d, 8.8) C-5' C-1, 4' H-5' 132.2 (CH) 
OH-4 9.22 (1H, s) C-4 C-3, 5 H-3, H-5  
OH-7 14.18 (1H, s) C-7 C-6a, 8 H-8  
OH-9 9.66 (1H, s) C-9 C-10 H-8, H-9  















































Leucobryum sanctum (Brid.) Hampe. was collected at Belumut west Malaysia in 2004. It 
was identified by B. C. Tan and voucher specimens (GXW011) are deposited in Raffles 
Museum of Biodiversity Research National University of Singapore (SINU). 
 
Extraction and Isolation 
The dried and powdered whole plant materials of L. sanctum (117 g) were extracted with 
cold CH2Cl2 to remove fatty acid. After that acetone water (4 : 1) was used to extract the 
plant materials for one week. After removal of the acetone, the extract was partitioned 
between water and EtOAc. The EtOAc soluble part (800 mg) of P. schreberi was 
chromatographed on silica gel flash column chromatography (acetone : n-hexane = 1 : 1) 
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to give a series of fractions. Further purification with GPC chromatography provided 
compound 94 (4 mg) 
 
Leuconin  
4,7,9-trihydroxy-1-(4-hydroxyphenyl)-6H-anthra-[1,9-bc]-furan-6-one (94), red solid, 
UV: λmaxmethanol nm (log ε):206.0 (3.86), 248.5 (3.90), 289.5 (3.47), 365.0 (3.56), 454.0 
(3.45); 1H and 13C NMR: (see Table 2-5); EI-MS 70 eV, m/z (rel. int.): 359.8 (M+, 100), 
314.9 (5), 302.9 (10), 257.9 (9), 123.0 (15), 63.9 (14), 43.0 (20); HREI-MS: m/z [M+]: 
















2.2 Suborder Leucodontineae, Family Neckeraceae, Himantocladium cyclophyllum 
(C. Müll) Fleich 
2.2.1 Introduction 
Himantocladium cyclophyllum is widely distributed in Indonesia, Malaysia, and the 
Philippines. No chemistry related papers have ever been published. During our studies of 
the chemistry of this moss species, four bibenzyl derivatives were isolated from the 
CH2Cl2 extract. This kind of bibenzyl was firstly isolated from liverwort Radula 
variabilis in 1978 [81] and then from other Radula species by the same research group 
from 1978 to 1982 [82-84]. It was the first time for these bibenzyls to be isolated from moss 
species.  
 
2.2.2 Results and discussion  
Himantocladium cyclophyllum (C. Müll) Fleich was collected at Bekok Nature Reserve 
Malaysia in 2004. The air-dried and ground whole plant was extracted with 
dichloromethane and acetone – water to obtain two extracts. After a serial of column 
chromatograph separations on silica gel and Sephadex LH-20, four bibenzyls were 
isolated from dicholomethane extract. From the acetone - water extract of this moss 
species, two biflavonoids were obtained.  One was biflavonoid 3′,3′′′-binaringenin and 
the other one was himantoflavone, which was made up of flavone moiety narigenin and 
isoflavone moiety genistein. Biflavonoids, which contain flavone and isoflavone moieties, 































Bibenzyl A (95) 
The 1H NMR data [δH 7.20 (3H, m) and 7.28 (2H, m)] and indicated that there was a 
mono-substituted benzene ring. Two coupled methylenes [δH 3.21 (2H, dd 10.6, 8.3), 
2.89 (2H, dd 10.6, 8.3)] were typical methylenes of bibenzyls. The carbonyl carbon [δC 
175.7] showed there was a carboxylic acid group. MS result m/z suggested a molecular 
formula C20H20O4, which meant the degree of unsaturation was eleven. The bibenzyl 
system, carboxylic acid group and two sp2 carbons [δC 134.1 and 122.7] contained ten 
unsaturated degrees. Therefore, there should be another ring. HMBC correlations from H-
a′ to C-1′, C-2′ and C-6′ established half structure of this bibenzyl. The only aromatic 
proton H-9 [6.41 (1H, s)] indicated the other aromatic ring was penta-substituted benzene 
ring. HMBC correlations from H-9 to C-a, C-7, and C-9a gave the position of this proton.  
HMBC correlations from H-5 [3.52 (1H, d, 5.5)] to C-4, C-5a, C-6 and C-9a indicated C-
5 was connected to C-5a, which has two neighbouring oxygenated carbons C-6 and C-9a.  
The HMBC correlations from H-2 [4.49 (1H, s)] to C-9a and the chemical shift of C-2 
(δC 72.0) indicated that C-2 and C-9a were connected to the same oxygen atom. The third 
ring was finally established based on the HMBC correlations from H-2 to C-3, C-4, C-10, 
from H-4 to C-5, C-10, and from H-5 to C-3, C-4. The carboxylic acid group was 
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connected to C-7 as this was the only position left. Therefore, the chelated hydroxy group 
was connected to C-6. The whole structure was determined and it was also confirmed by 













Figure 2-8, Selective HMBC correlations of compound 95  
Table 2-6. 1H (500 MHz), HMBC and 13C (125 MHz) NMR data for (95) in CDCl3.  
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1     
2 4.49 (2H, s) C-3 C-4, 9a, 10  72.9 (CH2)
3    134.1 (C) 
4 5.71 (1H, m) C-5 C-10 122.7 (CH) 
5 3.52 (2H, d 5.5) C-4 C-3, 5a, 6, 9a 21.7 (CH2)
5a    119.5 (C) 
6    162.2 (C) 
7    105.0 (C) 
8    145.6 (C) 
9 6.41 (1H, s) C-9a C-7, a, 5a 115.9 (CH) 
9a    164.4 (C) 
10 1.64 (3H, s) C-3 C-2, 4 20.6 (CH3)
1′    141.8 (C) 
2′ 7.19 (1H, m)   128.3 (CH) 
3′ 7.28 (1H, m) C-2′,6′ C-1′ 128.4 (CH) 
4′ 7.19 (1H, m)   125.9 (CH) 
5′ 7.28 (1H, m)   128.4 (CH) 
6′ 7.19 (1H, m)   128.3 (CH) 
a 3.21 (2H, dd 10.6, 8.3) C-a′, 8 C-1′, 7, 9 38.6 (CH2)
a′ 2.89 (2H, dd 10.6, 8.3) C-a, 1′ C-2′, 6′, 8 38.1 (CH2)
OH-6 11.7    
COOH-7    175.5 (C) 
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Bibenzyl B (96) 
Comparison of the 1H NMR spectrum of compound 96 with compound 95 revealed that 
their 1H NMR spectra were very similar. The difference was that H-9 [δH 6.41 (1H, s)] in 
compound 95 was absent and in compound 96 there were two new doublets [δH 6.52 (1H, 
d, 1.4) and 6.37 (1H, d, 1.4)], which were two meta- aromatic protons. Comparison the 
1H NMR data of compound 96 with those in the literature gave the structure of this 
compound [81].  
 
Bibenzyl C (97) 
The 1H NMR spectrum of compound 97 was also similar to that of compound 95. There 
were two more oxygenated methyl groups [δH 3.91 (3H, s) and 3.74 (3H, s)] in compound 
97. The chelated OH peak [δH 11.7] was missing in compound 97. The chemical shift of 
the carboxylic acid carbon [δC 175.5] in compound 95 had changed from 175.5ppm to 
168.7 ppm, which corresponded to an ester group in compound 97. So compound 97 was 
the dimethylated product of compound 95. The HREI-MS m/z 352.1679 suggested a 
molecular formula C22H24O4, which also supported this structure. 
 
Bibenzyl D (98) 
Compound 98 still had the similar 1H and 13C NMR data to those of compound 95 and 97. 
The only oxygenated methyl group [δH 3.96(3H, s)] and existence of the chelated OH 





Two biflavonoids were isolated from the acetone-water (4 : 1) extract of H. cyclophyllum. 
One was biflavonoid 3΄3΄΄΄-binaringenin [65, 67].  There are thirty signals at 13C NMR 
spectrum and two chelated hydroxy group [δH 12.2 and 13.1] in 1H NMR spectrum, 
which are the typical NMR signals for biflavonoids. Determination of the structure of this 
biflavonoid needs to establish the structures of two flavonoid moieties and their 
connecting position. The ABX system [δH 5.42 (1H, dd, 2.8, 13.0), 3.24 (1H, dd, 13.0, 
17.1), and 2.72 (1H, dd, 2.8, 17.1)] indicated that this moiety was a dihydroflavone. The 
chemical shifts of the protons of the 1.2.4-trisubstituted benzene ring [δH 7.42 (1H, dd, 
2.3, 8.3), 7.54 (1H, d, 2.3), and 6.93 (1H, d, 8.3)] and two meta-coupling protons [δH 5.88 
(1H, d, 1.9), and 5.95 (1H, d, 1.9)] were very close to those of naringenin. The 
information indicated that this dihydroflavone moiety is narigenin. The other flavonoid 
moiety is an isoflavone because of proton H-2 [δH 8.22 (1H, s)]. This typical proton of 
isoflavones was at the β position of the α,β-unsaturated ketone and much more deshielded. 
HMQC correlations proved that H-2 was connected with an oxygenated carbon C-2 [δC 
155.7]. HMBC correlations from H-2 to C-1΄, C-3 and C-4 indicated that the other 1,2,4-
trisubstituted benzene rings [δH 7.31 (1H, dd, 2.3, 8.3), 7.55 (1H, d, 2.3), and 6.95 (1H, d, 
8.3)] was C ring. Therefore two meta-coupling protons [δH 6.23 (1H, d, 1.9), and 6.39 
(1H, d, 1.9)] belonged to ring A. HMBC correlations from H-2 and H-8 to carbon C-9 
also supported this deduction. That information indicated that the other flavone moiety of 
this biflavonoid was genistein. HMBC correlations from H-2΄ and H-2΄΄΄ to C-3΄ and C-
3΄΄΄ revealed that these two flavone moieties were connected at 3΄ and 3΄΄΄ positions. So 
compound 99 was constituted by narigenin and genistein, which were connected at 3΄ and 
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3΄΄΄ positions. This biflavonoid was named as himantoflavone. This type of biflavonoid is 
rare in nature and only two similar compounds 65 and 66 were found in one moss species 













































Table 2-7. 1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 99 in acetone-d6 
 (J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1     
2 8.22 (1H, s) C-3 C-4, 9, 1΄ 154.8 (CH) 
3    122.6 (C) 
4    181.0 (C) 
5    165.2 (C) 
6 6.25 (1H, d, 1.9) C-5, 7 C-8, 10 100.5 (CH) 
7    166.0 (C) 
8 6.39 (1H, d, 1.9) C-7, 9 C-6, 10 95.2 (CH) 
9    159.7 (C) 
10    105.5 (C) 
1΄    120.7 (C) 
2΄ 7.55 (1H, d, 2.3) C-3΄ C-4, 3΄΄΄ 131.6 (CH) 
3΄    125.2 (C) 
4΄    159.7 (C) 
5΄ 6.95 (1H, d, 8.3) C-4΄, 6΄ C-1΄, 3΄ 119.3 (CH) 
6΄ 7.31 (1H, dd. 2.3, 8.3) C-1΄ C-3, 4΄ 130.8 (CH) 
1΄΄     
2΄΄ 5.42 (1H, dd, 2.8, 13.0)   81.1 (CH) 
3΄΄ 3.24 (1H, dd, 13.0, 17.1) 
2.72 (1H, dd, 2.8, 17.1) 
C-2΄΄, 4΄΄  44.3 (CH2) 
4΄΄    197.9 (C) 
5΄΄    166.2 (C) 
6΄΄ 5.88 (1H, d, 1.9) C-5΄΄ C-8΄΄, 10΄΄ 97.6 (CH) 
7΄΄    169.2 (C) 
8΄΄ 5.95 (1H, d, 1.9) C-7΄΄, 9΄΄ C-10΄΄ 96.8 (CH) 
9΄΄    165.2 (C) 
10΄΄    103.5 (C) 
1΄΄΄    128.3 (C) 
2΄΄΄ 7.54 (1H, d, 2.3) C-1΄΄΄, 3΄΄΄ C-4΄΄΄, 3΄ 133.1 (CH) 
3΄΄΄    129.3 (C) 
4΄΄΄    159.7 (C) 
5΄΄΄ 6.93 (1H, d, 8.3) C-4΄΄΄, 6΄΄΄ C-1΄΄΄, 3΄΄΄ 119.1 (CH) 
6΄΄΄ 7.42 (1H, dd, 2.3, 8.3) C-1΄΄΄ C-4΄΄΄ 129.5 (CH) 
OH-5 12.2    








Himantocladium cyclophyllum (C. Müll) Fleich was collected at Bekok Nature Reserve 
Malaysia in October 2004. Samples were identified by B. C. Tan and voucher specimens 
(GXW012) are deposited in Raffles Museum of Biodiversity Research National 
University of Singapore (SINU).  
 
Extraction and isolation  
The dried and powdered whole plant (36 g) of H. cyclophyllum was extracted with 
CH2Cl2 and then with acetone - water (4:1). The CH2Cl2 extract was separated using 
silica gel flash column chromatography (n-hexane-EtOAc) to give three main fractions 
(A-C). After further purification on Sephadex LH-20, fraction A gave compound 98 (7 
mg). Fraction B gave compound 96 (3 mg) and 97 (2 mg) and fraction C gave compound 
95 (50 mg). After removal of organic solvent, the acetone water extract was partitioned 
between water and EtOAc. The EtOAc part was separated using silica gel flash column 
chromatography (n-hexane : acetone) followed by Sephadex LH-20 to provide fraction D. 
HPLC (column: C18, detector: UV, mobile phase: 60% methanol - water with 0.05% 
acetic acid, flowing rate: 1.0 ml/min) was used to separate fraction D to afford 3΄3΄΄΄-






Bibenzyl A (95) 
Yellowish gum. C20H20O4, 1H and 13C NMR data (see Table 2-6); EI-MS (%): 324.0 (27), 
306.0 (34), 280.0 (90), 265.0 (100), 215.0 (20), 189.0 (94), 174.0 (82), 147.0 44), 105.0 
(50), 90.9 (68), 65.0 (18), 44.0 (30). 
 
Bibenzyl B (96) 
Yellowish gum. C20H20O4, 1H NMR (500 MHz; in CDCl3): 7.28(2H, m), 7.19(3H, m), 
6.52(2H, d, 1.4), 6.37(2H, d, 1.4), 5.61(1H, m), 4.40(2H, s), 3.40(2H, m), 2.88(2H, m), 
2.75(2H, m), 1.54(3H, s) 
 
Bibenzyl C (97) 
Yellowish gum. UV: λmaxdichloromethane nm (log ε): 228.0 (3.53), IR: νmaxKBr cm-1: 3020, 
1602, 1522, 1423, 1263, 669. EIMS 70 eV, m/z (rel. int.): 352.2(100), 321.1(76), 
289.1(30), 261.2(96), 231.1(64), 205.0(24), 91.0(44), HR-EIMS: m/z [M+] 352.1679 
(calc. for C22H24O4, 352.1675); 1H NMR (500 MHz; in CDCl3): 7.28(2H, m), 7.19(3H, 
m), 6.70(1H, s), 5.60(1H, m), 4.40(2H, s), 3.91(3H, s), 3.74(3H, s), 3.41(2H, m), 2.87(2H, 
m), 2.80(2H, m), 1.54(3H, s); 13C NMR (125 MHz; in CDCl3 solvent): 168.7, 160.4, 
154.5, 141.5, 139.0, 134.3, 128.4, 127.9, 126.3, 120.2, 118.1, 74.2, 62.9, 52.2, 37.6, 35.6, 
22.3, 20.0. 
 
Bibenzyl D (98) 
Yellowish gum. UV: λmaxdichloromethane nm (log ε): 228.0 (3.89), IR: νmaxKBr cm-1: 3685, 
3020, 1602, 1522, 1423, 1263, 669. EIMS 70 eV, m/z (rel. int.): 338.2(100), 306.1(96), 
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277.3(68), 247.2(28), 215.1(76), 187.1(15), 91.0(80), HR-EIMS: m/z [M+] 338.1526 
(calc. for C21H22O4, 338.1518); 1H NMR (500 MHz; in CDCl3): 11.86(-OH), 7.28(2H, m), 
7.19(3H, m), 6.40(1H, s), 5.70(1H, m), 4.47(2H, s), 3.96(3H, s), 3.50(2H, m), 3.14(2H, 
m), 2.83(2H, m), 1.62(3H, s); 13C NMR (125 MHz; in CDCl3): 172.2, 163.2, 161.1, 144.1, 
141.9, 134.0, 128.4, 128.3, 126.0, 122.3, 119.9, 115.5, 107.2, 73.1, 52.1, 38.7, 38.3, 21.7, 
20.5. 
 
Himantoflavone (99)   
UV: λmaxmethanol nm (log ε): 213 (4.60), 262 (4.38), 287 (4.25); FAB-MS, m/z (rel. int.): 
561.1(36), 539.0(100), 501.2(16), 431.1(28), 387.0(24), 339.1(58), 329.0(73), 325.1(88), 
311.1(60), 255.2(46), 222.0(42), 189.0(40), 165.9(16), 114.9(12), 45.9(16); HR-FABMS: 
m/z [M-Na+-2H+] 561.0784 (calc. for C30H18NaO10, 561.0798), m/z [M-H+] 539.0976 












2.3 Suborder Hypnineae 
2.3.1 Family Hypnaceae, Ectropothecium sparsipilum (Bosch & Lac.) Jaeg  
2.3.1.1 Introduction 
Like most of moss species, no papers related to the chemistry of Ectropothecium 
sparsipilum have been published. This moss species can be found in Indonesia and 
Malaysia. Biflavonoids are still the major secondary metabolites of this moss species. 
3΄3΄΄΄-binaringenin and its two methyl ethers were found in E. sparsipilum. The methyl 
ethers of biflavonoid were not common in mosses. Up to now, only one such compound 
philonotisoflavone-4'''-methyl ether was isolated from Plagiomnium undulatum[48].  
 













98 R1=OCH3, R2=OH  
3′,3′′′-Binaringenin (59) 
This biflavonoid was found in many moss species. It had characteristic 1H NMR signals 
of one ABX system [δH 2.79 (1H, dd, 3.0, 17.1), 3.24 (1H, dd, 13.0, 17.1), 5.52 (1H, dd, 
3.0, 13.0)], two meta-coupling aromatic protons [δH 5.94 (1H, d, 2.3), 5.97 (1H, d, 2.3)], 
one 1,2,4-trisubstituted benzene ring [δH 7.07 (1H, d, 8.3), 7.44 (1H, dd, 2.3, 8.3), 7.51 
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(1H, d, 2.3)], and one chelated hydroxy group [δH 12.0 (OH, s)]. EI-MS result m/z 542 
indicated the structure of 3′,3′′′-binaringenin. 
 
3′,3′′′-Binaringenin-4′,4′′′-dimethyl ether (100) 
Compound 100 had similar 1H NMR data to those of 3′,3′′′-binaringenin. There were one 
ABX system [δH 5.55 (1H, dd, 3.1, 12.9), 3.27 (1H, dd, 17.0, 12.9), 2.78 (2H, dd, 3.1, 
17.0)], two meta-coupling aromatic protons [δH 5.98 (1H, d, 2.4), 5.94 (1H, d, 2.4)], one 
1,2,4-trisubstituted benzene ring [δH 7.53 (1H, dd, 2.3, 8.3), 7.41 (1H, d, 2.3), 7.13 (1H, d, 
8.3)], and one chelated hydroxy group [δH 12.2 (OH, s)]. The only difference is the 
oxygenated methyl group [δH 3.80 (3H, s)]. The positions of the methoxy groups were 
determined by the NOE effects between them and H-5' and H-5'''. Therefore, compound 
100 was the 3′,3′′′-binaringenin-4′,4′′′-dimethyl ether. HREI-MS m/z 570.1536 suggested 











Figure 2-10 Selective NOE effects of compound 100  
 
3′,3′′′-Binaringenin-4′-methyl ether (101) 
The 1H NMR spectrum of compound 101 is also similar to those of 3′,3′′′-binaringenin 
(59) and compound 100. However, the signals of two flavonoid moieties didn’t overlap 
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completely. There were two chelated hydroxy group [δH 12.17 (OH, s), and 12.18 (OH, 
s)], two ABX systems [δH 3.24 (2H, m), 2.76 (2H, m), and 5.53 (2H, m)], four meta 
aromatic protons [δH 6.00 (1H, d, 2.1), 5.99 (1H, d, 2.1), 5.95 (1H, d, 2.1), and 5.94 (2H, 
d, 2.1)], and two 1,2,4-trisubstituted benzene rings [δ7.49 (4H, m), 7.16(1H, d, 8.7), 
7.00(1H, d, 8.7)].  These very close chemical shifts showed that structures of two flavone 
moieties of compound 101 were very close. Integration of these peaks showed there was 
only one oxygenated methyl group [δH 3.86 (3H, s)], which meant this compound was not 
a symmetric dimer with only one methoxy group in the structure. The position of this 
methoxy group was also determined by the NOE effects between it and H-5'. Compound 
101 was 3′,3′′′-binaringenin-4′-methyl ether. HREI-MS m/z 556.1364 suggested the 




Ectropothecium sparsipilum (Bosch & Lac.) Jaeg was collected on Gunung Brinchang, 
Malaysia in June 2004. Samples were identified by B. C. Tan and voucher specimens 
(GXW013) are deposited in Raffles Museum of Biodiversity Research National 
University of Singapore (SINU).  
 
Extraction and Isolation  
The dried and powdered whole plant (20 g) of E. sparsipilum was extracted with CH2Cl2 
and then with acetone - water (4:1). After removal of the organic solvent, the acetone - 
water extract was partitioned between water and EtOAc. The EtOAc part (450 mg) was 
 57
separated using silica gel flash column chromatography (n-hexane : acetone = 1: 1) 
followed by Sephadex LH-20 to provide compounds 59 (2 mg), 100 (1 mg), and 101 (0.7 
mg).  
 
3′,3′′′-Binaringenin-4′,4′′′-dimethyl ether (100) 
UV: λmaxmethanol nm (log ε): 213 (4.60), 288 (4.29); EI-MS, m/z (rel. int.): 44.8 (52), 56.9 
(66), 153.0 (36), 179.0 (39), 253.1 (50), 266.1 (24), 405.1 (64), 417.1 (100), 570.1 (92); 
HREI-MS: m/z [M+] 570.1536 (C32H26O10, Cal: 570.1526); 1H NMR (500 MHz; in 
acetone-d6): 12.18 (-OH), 7.53 (2H, dd, 2.3, 8.3), 7.41 (2H, d, 2.3), 7.13 (2H, d, 8.3), 5.98 
(2H, d, 2.4), 5.94 (2H, d, 2.4), 5.55 (2H, dd, 3.1, 12.9), 3.80 (6H, s), 3.27 (2H, dd, 17.0, 
12.9), 2.78 (2H, dd, 3.1, 17.0); 13C NMR (125 MHz; in acetone-d6): 197.8 (C), 168.1 (C), 
166.0 (C), 165.0 (C), 159.1 (C), 132.2 (C), 131.3 (CH), 129.4 (CH), 128.8 (C), 112.7 
(CH), 103.9 (C), 97.5 (CH), 96.6 (CH), 80.5 (CH), 56.8 (CH3), 44.2 (CH2). 
 
3′,3′′′-Binaringenin-4′-methyl ether (101) 
UV: λmaxmethanol nm (log ε): 213 (4.71), 288 (4.41); EI-MS, m/z (rel. int.): 43.8 (29), 152.9 
(100), 178.9 (28), 239.0 (44), 403.1 (92), 556.1 (72); HR-EIMS: m/z [M+] 556.1364 
(C31H24O10, Cal: 556.1369); 1H NMR (500 MHz; in acetone-d6 solvent): 12.18 (-OH), 
12.17 (-OH),7.49 (4H, m), 7.16 (1H, d, 8.7), 7.00 (1H, d, 8.7), 6.00 (1H, d, 2.1), 5.99 (1H, 
d, 2.1), 5.95 (1H, d, 2.1), 5.94 (2H, d, 2.1), 5.53 (2H, m), 3.86 (3H, s), 3.24 (2H, m), 2.76 
(2H, m); 13C NMR (125 MHz; in acetone-d6): 197.8 (C), 197.7 (C), 168.1 (C), 166.0 (C), 
165.0 (C), 165.0 (C), 159.1 (C), 156.1 (C), 132.4 (C), 132.3 (C), 131.8 (CH), 131.3 (CH), 
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129.5 (CH), 128.9 (CH), 128.8 (C), 127.5 (C), 118.1 (CH), 116.6 (Ch), 112.7 (C), 103.9 























2.3.2 Family Hylocomiaceae, Rhytidiadelphus squarrosus (Hedw.) Wasmst. 
2.3.2.1 Introduction 
Rhytidiadelphus squarrosus, commonly known as “square goose neck moss”, usually 
grows in wet depressions and on the forest floor. It was used as the biomarker of heavy 
metal pollution. Polyunsaturated fatty acid and triterpenoids had been found in this moss 
species [85, 86]. Biflavonoid patterns of R. squarrosus were studied in 1990 and 5'-
hydroxyrobustaflavone (44), 5'-hydroxyamentoflavone (39), 5',3'''-dihydroxy- 
amentoflavone (40), and 2,3-dihydro-5'-hydroxyamentoflavone (46) were isolated from 
this species [51].  
 
2.3.2.2 Results and discussion 
5',3'''-Dihydroxyamentoflavone (40) 
Compound 40 was isolated from the water - acetone extract of moss R. squsrrosus. TLC 
behavior and positive reaction to FeCl3 reagent indicated that it was a biflavonoid. There 
was a 1,2,4-trisubstitutued benzene ring [δH 7.28 (1H, d 1.9), 7.19 (1H, dd, 1.9, 8.2), and 
6.79 (1H, d, 8.2)]. There were four meta- protons [δH 7.65 (1H, d, 2.5), 7.59 (1H, d, 2.5), 
6.49 (1H, d, 2.5), and 6.23 (1H, d, 2.5)], three isolated aromatic protons [δH 6.65 (1H, s), 
6.59 (1H, s), and 6.43 (1H, s)], and two chelated protons [δH 13.2 (OH, s), and 13.0 (OH, 
s)]. Comparison of its 1H NMR data with those in the literature confirmed this compound 




TLC behavior showed compound 39 was also a biflavonoid. In the 1H NMR spectrum, 
there was also four meta-coupling protons [δH 7.67 (1H, d, 2.5), 7.60 (1H, d, 2.5), 6.50 
(1H, d, 2.5), and 6.24 (1H, d, 2.5)], three isolated olefinic protons [δH 6.67 (1H, s), 6.66   
(1H, s), and 6.44 (1H, s)], and two chelated protons [δH 13.2 (OH, s), and 13.0 (OH, s)]. 
Instead of the 1,2,4-trisubstituted benzene ring, there was a 1,4-disubstituted benzene ring 
[δH 6.66 (1H, d, 8.8) and 6.82 (1H, d, 8.8)]. Comparison of its 1H NMR data with those in 
the literature confirmed this compound was 5'-hydroxyamentoflavone [51]. 
 
4-Hydroxybenzoic acid (102) 
Compound 102 was a phenolic compound and there was only an AA'BB' system in the 
1H NMR spectrum [δH 7.90 (2H, d, 8.8) and 6.91 (2H, d, 8.8)]. The data in the literature 





















Rhytidiadelphus squarrosus (Hedw.) Wasmst. was from Germany. Samples were 
identified by B. C. Tan and voucher specimens (GXW014) are deposited in Raffles 
Museum of Biodiversity Research National University of Singapore (SINU). 
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Extraction and Isolation 
The dried and powdered whole plant (60 g) of R. squarrosus was extracted with cold 
CH2Cl2 to remove the chlorophyll and fatty acid and then with acetone - water (4 : 1). 
After removal of the acetone, the extract was partitioned between water and EtOAc. The 
EtOAc soluble part (507 mg) was separated using silica gel flash column chromatography 
(acetone : water = 4 : 1) to give a series of fractions. Fractions containing the same 
phenolic compound were combined. Further GPC provided compound 102 (17 mg), 
compound 39 (8 mg), and compound 40 (5 mg).  
 
5',3'''-Dihydroxyamentoflavone (40) 
C30H18O12, 1H NMR (500 MHz; in acetone-d6): 6.23 (1H, d, 2.5), 6.43(1H, s), 6.49 (1H, d, 
2.5), 6.59(1H, s), δH 6.65 (1H, s), 7.59 (1H, d, 2.5), 6.79 (1H, d, 8.2), 7.19 (1H, dd, 1.9, 
8.2), 7.28 (1H, d 1.9), 7.65 (1H, d, 2.5), 13.2 (OH, s), 13.0 (OH, s). 
 
5'-Hydroxyamentoflavone (39) 
C30H18O11, 1H NMR (500 MHz; in acetone-d6): 6.24 (1H, d, 2.5), 6.44(1H, s), 6.50 (1H, d, 
2.5), 6.66(1H, s), 6.66 (1H, d 8.8), δH 6.67 (1H, s), 6.82 (1H, d, 8.2), 7.60 (1H, d, 2.5), 
7.66 (1H, d, 2.5), 13.2 (OH, s), 13.0 (OH, s). 
 
4-Hydroxybenzoic acid (102) 
C7H6O3, 1H NMR (500 MHz; in acetone-d6 solvent): 7.90 (2H, d, 8.8), 6.91 (2H, d, 8.8). 
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2.4 Suborder Grimmiineae, Family Grimmiaceae, Racomitrium lanuginosum (Hew.) 
Brid. 
2.4.1 Introduction 
Racomitrium lanuginosum is widely distributed around the world at high elevations. In 
Malesian area, it can be found on Java island Indonesia. Because of its wide distribution, 
this moss species was used to study the ecology, atmosphere, and environment pollution 
[88-90]. The chemistry of R. lanuginosum was studied by scientists in 1970s and 1980s 
[47,85]. Biflavonoids 5',3'''-dihydroxyamentoflavone (40) and 5',3'''-dihydroxyrobusta 
























2.4.2 Results and Discussion 
Racomipyran A (104) 
Racomipyran (104), C20H20O3, had 1H NMR signals (see Table 2-8) of a 1,2,4-
trisubstituted benzene ring [δH 6.69 (1H, d, 2.8), 6.73 (1H, dd, 2.8, 9.3), 8.17 (1H, d, 9.3)], 
 63
an isolated aromatic hydrogen [δH 6.50 (1H, s)], a cis-disubstituted olefin [δH 5.61 (1H, d, 
9.7) and 6.66 (1H, d, 9.7)], a methoxy group [δH 3.57 (s)] and two equivalent tertiary 
methyl groups attached to an oxygenated carbon [δH 1.44 (6H, s)]. This NMR data of this 
compound were similar to those of dicranopyran (89). In compound 104, the AB system 
in dicranopyran was replaced by two methylenes [δH 2.70 (4H, m)]. HMBC correlations 
from these methylene protons H-10/H-11 to C-5a, C-5b, C-9, C-9a, C-11a, and C-12 
proved the dihydrophenanthrene structure. HMBC correlations from H-9 [δH 6.69 (1H, d, 
2.8)] to C-5b, C-7, C-8, and C-10 established the positions of the aromatic protons.  
HMBC correlations from H-3 [δH 5.61 (1H, d, 9.7)] to C-2, C-4a, C-13, C-14 and from 
H-4 [δH 6.66 (1H, d, 9.7)] to C-2, C-4a, C-5, C-12a verified the existence of the pyran 
ring and also established its connecting position. The connecting position of the pyran 
ring was also supported by the NOE effects between H-4 and the methoxyl group. The 
NOE effects (see Figure 2-4) between H-6 and the oxygenated methyl group established 
that the methoxyl group was attached to C-5. NOE effects between H-4 and the 



















Table 2-8. 1H (500 MHz), HMBC and 13C (125 MHz) NMR data for (104) in CDCl3. 
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1     
2    75.9 (C) 
3 5.61 (1H, d, 9.7) C-2 C-13, 14, 4a 129.4 (CH) 
4 6.6 (1H, d, 9.7) C-4a C-2, 5, 12a 117.3 (CH) 
4a    113.9 (C) 
5    153.4 (C) 
5a    119.7 (C) 
5b    125.5 (C) 
6 8.17 (1H, d, 9.3) C-7 C-5a, 8, 9a 128.3 (CH) 
7 6.71 (1H, dd, 2.8, 9.3) C-8, 9 C-5b 113.4 (CH) 
8    153.8 (C) 
9 6.69 (1H, d, 2.8) C-8 C-7, 5b, 10, 11 114.4 (CH) 
9a    139.7 (C) 
10 2.70 (2H, m) 30.3 (CH2)
11 2.70 (2H, m) 
C-5a, 5b, 9, 9a, 10, 11, 11a, 12 
29.8 (CH2)
11a    140.5 (C) 
12 6.50 (1H, s) C-12a C-4a, 5a, 10, 11 111.9 (CH) 
12a    152.1 (C) 
13 1.44 (3H, s)   28.0 (CH3)
14 1.44 (3H, s)   28.0 (CH3)






Racomipyran C (105) 
Compound 105 had more similar 1H NMR data to those of compound 92 than compound 
104 did. It contained a 1,2,4-trisubstituted benzene ring [δH 7.16 (1H, dd, 2.8, 9.3), 7.18 
(1H, d, 2.8), and 9.29 (1H, d, 9.3)], an AB system [δH 7.51 and 7.49 (each d, JAB = 15.1 
Hz)], an isolated aromatic hydrogen [δH 7.04 (1H, s)], a cis-disubstituted olefin [δH 5.84 
(1H, d, 9.7), and 6.90 (1H, d, 9.7)], a methoxy group [δH 3.84 (3H, s)] and two equivalent 
tertiary methyl groups attached to an oxygenated carbon [δH 1.50 (6H, s)]. The NOE 
effects involving H-3, H-4, H-6, H-7, H-9, H-11, H-12, and the oxygenated methyl group 
established the structure of compound 105.  
 
Racomipyran B (106) 
Compound 106 was still a dihydrophenanthropyran, which had 1H NMR signals similar 
to compound 104. It contained a 1,2,4-trisubstituted benzene ring [δH 76.7 (1H, d, 2.8), 
6.72 (1H, dd, 2.8, 9.3), and 8.05 (1H, d, 9.3)], an isolated aromatic hydrogen [δH 6.40 (1H, 
s)], a cis-disubstituted olefin [δH 5.55 (1H, d, 10.1), and 6.56 (1H, d, 10.1)], a methoxy 
group [δH 3.85 (3H, s)] and two equivalent tertiary methyl groups attached to an 
oxygenated carbon [δH 1.44 (6H, s)]. The AB system was replaced by two methylenes 
[2.68 (2H, m), and 2.74 (2H, m)]. Its structure was established with the help of NOE 





Racomitrium lanuginosum (Hew.) Brid. was from Germany. Samples were identified by 
B. C. Tan and voucher specimens (GXW-015) are deposited in Raffles Museum of 
Biodiversity Research National University of Singapore (SINU).  
 
Extraction and isolation 
The dried and powdered whole plant (25 g) of R. lanuginosum was extracted with cold 
CH2Cl2 to give a crude extract (1.7 g) after solvent removal. The crude extract was 
separated using silica gel flash column chromatography (n-hexane-EtOAc step gradient) 
to give six fractions. After removal of most chlorophyll and fat, HPLC (DIOL, 20% 
EtOAc-hexane) of fraction 3 gave compound 104 (15 mg) and a mixture of compounds 
105 and 106. Further HPLC (C18, 80% methanol-water) afforded compound 105 (2 mg) 
and compound 106 (6 mg).  
 
Racomipyran A (104) 
8-hydroxy-10,11-dihydro-5-methoxy-2,2-Dimethyl-2H-phenanthro[4,3-b]pyran, gum. 
UV: λmaxmethanol nm (log ε): 221.0 (4.41), 260.0 (4.68), 269.0 (4.76); 1H and 13C NMR: 
(see Table 2-8); EI-MS 70 eV, m/z (rel. int.): 308.1 (65), 293.1 (100), 278.0 (60), 264.0 
(10), 138.9 (22), HREI-MS: m/z [M+] 308.1412 (C20H20O3, calc. as 308.1412). 
 
Racomipyran C (105) 
8-hydroxy-2,2-methoxy-dimethyl-5-2H-phenanthro[4,3-b]pyran, gum. UV: λmaxmethanol nm 
(log ε): 272 (4.11), 298.5 (3.36), 310.5 (3.46), 324.5 (3.60); EI-MS 70 eV, m/z (rel. int.): 
306.0 (40), 291.0 (100), 276.0 (40), 138.0 (20), 124.0 (5), 43.0 (10), HREI-MS: m/z [M+]: 
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306.1251 (C20H18O3, calc. as 306.1256); 1H NMR (500 MHz; in CDCl3): 1.50 (6H, s), 
3.84 (3H, s), 5.84 (1H, d, 9.7), 6.90 (1H, d, 9.7), 7.04 (1H, s), 7.16 (1H, dd, 2.8, 9.3), 7.18 
(1H, d, 2.8), 7.51 (1H, d, 15.1), 7.49 (1H, d, 15.1), 9.29 (1H, d, 9.3); 13C NMR (125 MHz; 
in CDCl3): 27.9 (2xCH3), 61.0 (CH3), 75.9 (C), 110.4 (C), 111.9 (CH), 115.8 (C), 116.6 
(CH), 117.6 (CH), 118.3 (C), 124.3 (C), 127.1 (CH), 127.5 (CH), 128.5 (CH), 132.5 (C), 
133.6 (C), 133.9 (C), 151.2 (C), 153.0 (C), 153.9 (C). 
 
Ricomipyran B (106) 
8-hydroxy-5,6-dihydro-11-methoxy-2,2-dimethyl-2H-phenanthro[4,3-b]pyran, gum. UV: 
λmaxmethanol nm (log ε): 202.0 (4.46), 218.5 (4.38), 262.0 (4.55), 271.0 (4.62), 295.5 (4.12); 
EI-MS 70 eV, m/z (rel. int.): 308.0 (38), 293.0 (100), 146.5 (15), 44.0 (5), 42.0 (5), 
HREI-MS: m/z [M+]: 308.1405 (C20H20O3, calc. as 308.1412); 1H NMR (500 MHz; in 
CDCl3): 1.44 (6H, s), 2.68 (2H, m), 2.74 (2H, m), 3.85 (3H, s), 5.55 (1H, d, 10.1), 6.40 
(1H, s), 6.56 (1H, d, 10.1), 6.70 (1H, d, 2.8), 6.72 (1H, dd, 2.8, 9.3), 8.05 (1H, d, 9.3); 13C 
NMR (125 MHz; in CDCl3): 27.8 (CH3), 29.6 (CH2), 30.3 (CH2), 55.4 (CH3), 75.7 (CH), 
98.9 (CH), 111.6 (CH), 112.7 (CH), 113.9 (C), 116.7 (CH),  119.1 (C), 125.7 (C), 128.0 








2.5 Suborder: Bryineae, Family Rhizogoniaceae, Pyrrhobryum spiniforme (Hedw.) 
Mitt. 
Suborder Hypnineae, Family Hylocomiaceae, Pleurozium schreberi (Brid.) Mitt. 
2.5.1 Introduction 
Pyrrhobryum. spiniforme was only studied by few people and no chemistry related paper 
has been published. It can be found in west Malaysia. Pleurozium. schreberi, commonly 
known as Schreber’s big red stem moss, is one of these moss species which have been 
extensively studied. Flavonoids, carotenoids, and fatty acid patterns of this moss species 
had been studied [91-93]. 
 
2.5.2 Results and Discussion 
Pyrronin A (107) 
Compound 107, C23H16O3, suggested the degree of unsaturation was sixteen. The 
chemical shifts of the carbons indicated that there were twelve double bonds. Therefore 
this compound had a tetracyclic structure. It had 1H NMR signals (see Table 2-9) of a 
1,2-disubstituted benzene ring [δH 7.76 (1H, dd 1.4, 7.9), 7.14 (1H, m), 6.99 (1H, dt 1.4, 
7.9), and 6.90 (1H, dd 1.4, 7.9)]. The signals at 7.76 ppm and 7.14 ppm were seriously 
overlapped with other signals in CDCl3. In acetone-d6, signals at 7.76 ppm were shifted 
to 7.90 ppm and showed a nice doublet-doublet with coupling constants 1.4 Hz and 7.9 
Hz. Signals at 7.14 ppm were shifted to 7.16 ppm and showed a clear doublet-triplet with 
coupling constants 1.4 Hz and 7.9 Hz. In 13C NMR spectrum, five methine carbons 
[128.3 ppm (two carbons), 128.1 ppm (two carbons), and 128.2 ppm (one carbon)] 
revealed a mono-substituted benzene ring. The five protons at 7.22 ppm also supported 
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this structure information. There were also two meta- aromatic protons [δH 6.57 (1H, d, 
1.4) and 6.52 (1H, d, 1.4)], one AB system [δH 7.73 (1H, d, 8.8) and 8.20 (1H, d, 8.8)], 
and one isolated proton [δH 6.81 (1H, s)]. This isolated proton [δH 6.81 (1H, s)] was 
connected to an oxygenated carbon C-5 [δC 75.6]. HMBC correlations from H-5 to C-1' 
and C-2' indicated that C-5 was connected with the mono-substituted benzene ring. 
HMBC correlations from H-5 to C-5a [δC 152.0] indicated that C-5 was connected with 
the di-substituted benzene ring through an oxygen atom. This information led to 
substructure 1. HMBC correlations from H-4 to C-2, C-3, C-4a, C-11a and from H-2 to 
C-1 and C-3 established the positions of H-2 and H-4. HMBC correlations from H-11 to 
C-4a and C-11a connected the AB system to the tetra-substituted benzene ring and also 
gave substructure 2. HMBC correlations from H-9 to C-9a, and C-9b revealed the other 
connecting positions of AB system. HMBC correlations from H-5 to C-4a, and C-4b gave 
the connecting position of substructure 1 and 2. Finally, the structure of compound 107 
was determined to be 5-phenyl-5H-naphtho[1,2-c]-chromene-1,3-diol. Compound 107 
was supposed to have similar biogenetic way to that of compounds 94-97. The biogenetic 
way (see Scheme 2-2) involved coumaric acid, cinnamic acid, and malonates. In the first 
stage, three malonates reacted with one cinnamic acid to produce the intermediate 
stilbene. In the following stages, stilbene reacted with another molecule of m-coumaric 























Figure 2-13 selective 








Table 2-9. 1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 107 in CDCl3   
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1    153.8 (C) 
2 6.52 (1H, d, 1.4) C-1, 3 C-4, 11a 101.1 (CH) 
3    154.8 (C) 
4 6.57 (1H, d, 1.4) C-4b, 3 C-2. 11a 98.4 (CH) 
4a    125.7 (C) 
4b    132.2 (C) 
5 6.81 (1H, s) C-1', 4b C-5a, 4a, 2', 6' 75.6 (CH) 
5a    152.0 (C) 
6 6.90 (1H, dd, 1.4, 7.9) C-7, 5a C-8, 9a 118.0 (CH) 
7 6.99 (1H, dt, 1.4, 7.9) C-6, 8 C-5a, 9  121.9 (CH) 
8 7.14 (1H, m) C-7 C-9a, 6 129.7 (CH) 
9 7.76 (1H, dd, 1.4, 7.9) C-5a, 9a C-9b 123.5 (CH) 
9a    128.4 (C) 
9b    123.0 (C) 
10 8.20 (1H, d, 8.8)  C-4b, 9a, 11a 122.7 (CH) 
11 7.73 (1H, d, 8.8) C-10, 11a C-4a 117.4 (CH) 
11a    119.6 (C) 
1'    138.8 (C) 
2' 7.17 (1H, m)   128.1 (CH) 
3' 7.17 (1H, m)   128.3 (CH) 
4' 7.17 (1H, m)   128.2 (CH) 
5' 7.17 (1H, m)   128.3 (CH) 














































Pyrrhobryum spiniforme (Hedw.) Mitt. was collected at Belumut west Malaysia in 2004. 
It was identified by B. C. Tan and voucher specimens (GXW-016) are deposited in 
Raffles Museum of Biodiversity Research National University of Singapore (SINU). 
Pleurozium schreberi (Brid.) Mitt. was from Germany and identified by B. C. Tan and 
voucher specimens (GXW-017) are deposited in Raffles Museum of Biodiversity 
Research National University of Singapore (SINU). 
 
 
Extraction and Isolation 
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Dried and powdered whole plant materials Pleurozium schreberi (160.9 g) and 
Pyrrhobryum spiniforme (95 g) were extracted with cold CH2Cl2 to remove fatty acid and 
chlorophyll. Acetone - water (4 : 1) was used to extract the plant materials again. After 
removal of the acetone, the extract was partitioned between water and EtOAc. The 
EtOAc soluble part (150 mg) of P. schreberi was separated using silica gel flash column 
chromatography (EtOAc : water = 3 : 7) to give a series of fractions. Those fractions that 
had the same Rf values were combined. Further purification with GPC chromatography 
provided compound 107 (6 mg). The EtOAc soluble part (150 mg) of P. spiniforme, 
which was dealt with in the same procedure, provided compound 107 (12 mg).   
 
Pyrronin A, (107). 
5-phenyl-5H-naphtho[1,2-c]- chromene-1,3-diol, red solid. UV: λmaxmethanol nm (log ε): 
245.5 (4.51), 303.0 (4.37), 361.5 (3.66), 449.0 (3.00); EI-MS 70 eV, m/z (rel. int.): 340.0 
(70), 321.0 (10), 295.0 (9), 263.0 (100), 234.0 (10), 221.0 (10), 170.0 (18), 146.0 (20), 
131.5 (30), 94.5 (8), 58.1 (6), 40.0 (7). HREI-MS: m/z [M+]: 340.1093 (C23H16O3, calc. 









2.6 Order: Polytrichales, Family Polytrichaceae, Polytrichum commune Hedw. 
2.6.1 Introduction 
Polytrichum commune Hedw., commonly known as “Common Hair Cap Moss”, can be 
found throughout the world in moist areas. This moss species has attracted people’s 
interest for a long time and scientists have studied it since the beginning of last century. 
A few studies concerned the chemistry of this species and scientists were interested in the 
lipids and pigments content in this species. In 1978 and 1977, there were a few papers 
about the lipid and pigment from the spore of P. commune [94, 95] . The hydrocarbon 
content of P. commune was studied in 1994 and several polyunsaturated hydrocarbons 
were found in different parts of the plant [96]. Unlike P. commune, the chemistry of other 
three species under this genus was extensively studied. Oxygenated coumarin glucosides 
were isolated from P. formosum [97]. Ohioensins A-E and pallidisetin A and B were 
isolated from two species P. ohioense and P. pallidisetum [98-100]. In the literature 
published in 1994, the structures of pallidisetin A and pallidisetin B were wrongly 
identified based on NOE experiments. In our studies, the structures of these two 
compounds together with another novel compound isolated from P. commune were 
elucidated with the help of 2D NMR and MS data. 
 
2.6.2 Results and discussion 
Polytrichum commune was collected from Germany. Separation of the CH2Cl2 extract of 
the plant afforded pallidisetin A (109), pallidisetin B (110), ohioensin A (112), and the 
novel compound communin A (111). 
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Pallidisetin A (109) 
The first of these substances, pallidisetin A (109), C23H18O3, has 1H NMR signals (see 
Table 2-10) characteristic of two monosubstituted benzene rings [δH 7.57 (d, J = 7.5, H-
12, H-16), 7.36 (t, J = 7.5, H-13, H-15), 7.27 (t, J = 7.5, H-14), 7.47 (d, J = 7.0, H-18, H-
22), 7.44 (t, J = 7.0, H-19, H-21), and 7.38 (t, J = 7.0, H-20)], a trans-disubstituted olefin 
[δH 8.28 (d, J = 16.4, H-9) and 6.95 (d, J = 16.4, H-10)], a AMX system [δH 5.45 (dd, J = 
12.6, 3.2, H-2), 3.07 (dd, J = 12.6, 16.4, H-3a), and 2.85 (dd, J = 3.2, 16.4, H-3b)], and 
two meta-coupling protons [δH 6.78 (d, J = 2.0, H-6), and 6.44 (d, J = 2.0, H-8)]. HMBC 
correlations from H-2 to C-4, C-8a, C-18, and C-22 support that there is benzene ring 
which was connected to C-2. Together with the HMBC correlations from H-8 to C-8a, 
this information suggested that there was a flavone skeleton in this compound. HMBC 
correlations from H-6 and C-9 and from H-9 to C-4a, C-5, and C-6 showed that the olefin 
was connected to C-5. Furthermore, HMBC correlations from H-10 to C-11, C-12, and 
C-16 indicated that this olefin was also connected to the other mono-substituted benzene 
ring.  Pallidisetin A was therefore (9E)-2,3-dihydro-2-phenyl-5-styrylchromen-4-one. 
The NOE effects involving H-2, H-3, H-6, H-9, H-10, H-12, H-16, H-18, and H-22 also 
confirmed this structure. In the paper published in 1994 [100], only NOE effects were used 











Figure 2-14 Selective HMBC 
correlations of 109 and 110
36
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Figure 2-15 Selective NOE 
correlations of 109 and 110  
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Table 2-10.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 109 in CDCl3 
 (J in Hz in parentheses) 
Position δH HMBC NOESY δC 
  2J 3J   
1      
2 5.45 (1H, dd, 3.2, 12.6) C-17 C-4, 8a, 18, 
22 
H-3, 18 79.1 (CH)
3 3.07 (1H, dd, 12.6, 
16.4) 
2.85 (1H, dd, 3.2, 16.4)
C-2, 4 C-4a, 17 H-2 45.8 (CH2)
4     192.0 (C) 
4a     112.7 (C) 
5     137.3 (C) 
6 6.78 (1H, d, 2.0) C-7 C-4a, 8, 9 H-10 108.7 (CH)
7     161.1 (C) 
8 6.44 (1H, d, 2.0) C-7, 8a C-4a, 6  103.1 (CH)
8a     164.6 (C) 
9 8.28 (1H, d, 16.4) C-5, 10 C-4a, 6, 11 H-12 128.7 (CH)
10 6.95 (1H, d, 16.4) C-9, 11 C-5, 12, 16 H-6, 16 132.1 (CH)
11     143.5 (C) 
12 7.57 (1H, d, 7.5) C-13 C-10 H-13 127.1 (CH)
13 7.36 (1H, t, 7.5)   H-12 128.6 (CH)
14 7.27 (1H, t, 7.5)    128.0 (CH)
15 7.36 (1H, t, 7.5)   H-16 128.6 (CH)
16 7.57 (1H, d, 7.5)   H-10, 15 127.1 (CH)
17     138.8 (C) 
18 7.47 (1H, d, 7.0) C-19 C-2, 17  126.1 (CH)
19 7.44 (1H, t, 7.0)    128.8 (CH)
20 7.38 (1H, t, 7.0)    128.5 (CH)
21 7.44 (1H, t, 7.0)    128.8 (CH)
22 7.47 (1H, d, 7.0)    126.1 (CH)
 
 
Pallidisetin B (110) 
The second compound, pallidisetin B (110), C23H18O3, showed NMR spectra (see Table 
2-11) which were very similar to those of pallidisetin A (109). The only important 
difference was that the coupling constants of the two olefinic protons had changed from 
16.4ppm to 12.6ppm. This change indicated that in this compound there was a cis-
disubstituted olefin instead of a trans-disubstituted one. Compound 110 was therefore 
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(9Z)-2,3-dihydro-2-phenyl-5-styrylchromen-4-one and this structure was confirmed by 
the HMBC and NOE data. 
Table 2-11.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 110 in CDCl3   
(J in Hz in parentheses) 
Position δH HMBC NOESY δC 
  2J 3J   
1      
2 5.51 (1H, dd, 2.5, 13.2) C-17 C-4, 18, 22 H-3, 18 79.3 (CH)
3 3.11 (1H, dd, 13.2, 
16.4) 
2.88 (1H, dd, 2.5, 16.4)
C-2, 4 C-4a, 17 H-2, 18 45.5 (CH)
4     191.2 (C 
4a     113.5 (C) 
5     136.8 (C) 
6 6.30 (1H, d, 2.6) C-7 C-4a, 8, 9 H-9 112.5 (CH)
7     161.1 (C) 
8 6.44 (1H, d, 2.6) C-7, 8a C-4a, 6  103.0 (CH)
8a     164.5 (C) 
9 7.10 (1H, d, 12.6) C-5, 10 C-4a, 6, 11 H-6, 10 131.0 (CH)
10 6.68 (1H, d, 12.6) C-11 C-5, 12, 16 H-6 129.3 (CH)
11     142.5 (C) 
12 7.14 (1H, d, 7.0)  C-10, 14  129.2 (CH)
13 7.20 (1H, t, 7.0)    128.1 (CH)
14 7.17 (1H, t, 7.0)    126.9 (CH)
15 7.20 (1H, t, 7.0)    128.1 (CH)
16 7.14 (1H, d, 7.0)    129.2 (CH)
17     138.8 (C) 
18 7.52 (1H, d, 6.9)   H-2, 3 126.1 (CH)
19 7.47 (1H, t, 6.9)    128.8 (CH)
20 7.41 (1H, t, 6.9)    128.7 (CH)
21 7.47 (1H, t, 6.9)    128.8 (CH)
22 7.52 (1H, d, 6.9)    126.1 (CH)
 
 
Communin A (111) 
The third compound, communin A (111), C23H16O3, had NMR spectra (see Table 2-12) 
similar to pallidisetin B (2). There were still an AMX system [δH 5.60 (dd, J = 13.2, 3.2, 
H-2), 3.23 (dd, J = 3.2, 16.4, H-3a), and 2.98 (dd, J = 13.2, 16.4)] and a cis-disubstituted 
olefin [δH 9.61 (d, J = 9.5, H-5) and 7.97 (d, J = 9.5, H-6)]. Instead of two mono-
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substituted benzene ring, there were only one mono-substituted benzene ring [δH 7.53 (d, 
J = 7.6, H-14, H-18), 7.46 (t, J = 7.6, H-15, H-17), and 7.40 (t, J = 7.6, H-16)] and one 
1,2-disubstituted benzene ring [δH 7.91 (dd, J = 8.8, 1.9, H-7), 7.58 (dt, J = 8.8, 1.9, H-8), 
and 7.65 (dt, J = 8.8, 1.9, H-9), 9.53 (br d, J = 8.8, H-10)]. Two doublets corresponding 
to two meta-coupling protons were absent and there was one more singlet [δH 6.69 (s, H-
12)]. The very deshielded aromatic hydrogen of 111 [δH 9.53 (br d, J = 8.8, H-10)] was 
typical of H-5 of a 4-oxygenated phenanthrene, e.g. 2,4-dimethoxyphenanthrene-3,7-diol 
(90) in which H-5 resonates at 9.33 ppm [79]. The other much deshielded aromatic 
hydrogen [δH 9.61 (d, J = 9.46, H-5)] in this compound may due to the unisotropic effect 
of the neighboring carbonyl group.  The phenanthrene structure was also supported by the 
HMBC effects from H-5 to C-4a and from H-10 to C-10b. Therefore compound 111 was 
2,3-dihydro-2- phenylnaphtho[2,1-f]chromen-4-one.  
 
Ohioensin A (112) 
Compound (112) was brown cubic crystals from CH2Cl2. HREI-MS result indicated that 
it has a molecular weight 372.0990, which corresponds to the molecular formula 
C23H16O5. This compound was confirmed to be ohioensin A after comparing its 1H NMR 
and 13C NMR data with those published in 1989 [98].  
 
Compounds 109-112 may have the similar biogenetic pathways (see Scheme 2-3). Their 
biogenesis may involve p-coumaric acid or cinnamic acid and three malonates. In the first 
stage, three malonates reacted with one p-coumaric acid or cinnamic acid to produce the 
intermediate stilbene. In the following stages, stilbene either reacts with another p-
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coumaric acid or cinnamic acid to give compounds 109 or 110, or cyclizes to form 
phenanthrene that reacts with another p-coumaric acid or cinnamic acid to generate 





















1H (500 MHz), HMBC and 13C (125 MHz) NMR data for compound 111 in CDCl3  (J in Hz 
in parentheses) 
Position δH HMBC NOESY δC 
  2J 3J   
1      
2 5.60 (1H, dd, 3.2, 13.2) C-13 C-4, C-14, C-18  79.4 
3 3.23 (1H, dd, 3.2, 16.4) 
2.98 (1H, dd, 13.2, 
16.4) 
C-2, C-4 C-13  46.3 
4     191.8 
4b     109.9 
4a     135.4 
5 9.61 (1H, d, 9.5) C-4b, C-6 C-4a, C-10b H-6 124.0 
6 7.97 (1H, d, 9.5) C-5, C-6a C-4b, C-7, 10a H-5 131.8 
6a     129.8 
7 7.91 (1H, dd, 1.9, 8.8) C-6a,  C-6, C-9, C-10a  128.2 
8 7.58 (1H, dt, 1.9, 8.8)    125.8 
9 7.65 (1H, dt, 1.9, 8.8)   H-10 127.0 
10 9.53 (1H, br d, 8.8) C-10a C-8, C-10b H-9 127.8 
10a     131.6 
10b     116.3 
11     161.8 
12 6.95 (1H, s) C-11, C-
12a 
C-4a, C-10b  103.1 
12a     164.5 
13     138.7 
14 7.53 (1H, br d, 7.6) C-15/17,  C-2, C-16 H-2, H-3 126.2 
15 7.46 (1H, t, 7.6) C-16   128.9 
16 7.40 (1H, t, 7.6)    128.8 
17 7.46 (1H, t, 7.6)    128.9 





Polytrichum commune was collected from Germany and was identified by B. C. Tan and 
voucher specimens (GXW-018) are deposited in the National University of Singapore 
Herbarium (SINU). 
 
Extraction and Isolation 
This moss species was purified by hand to remove foreign plant material. The air-dried 
and ground plant material (200 g) was extracted with cold CH2Cl2 to give a crude extract 
(5.1 g) after solvent removal. CC of the extract (silica gel, hexane-EtOAc step gradient) 
gave four major fractions, 1-4. Fr 4 was subjected to Sephadex LH-20 column 
chromatography to remove fat and chlorophyll, after which HPLC (DIOL, 25% EtOAc-
hexane) of fraction 4 gave pallidisetin A (109) (2.3 mg), pallidisetin B (110) (3 mg) and 
communin A (111) (1 mg). After removal of fat and chlorophyll with Sephadex LH-20, 


































































Pallidisetin A (109) 
(9E)-2,3-dihydro-2-phenyl-5-styrylchromen-4-one, gum. UV: λmaxmethanol nm (log ε): 
203.0 (3.9), 270.0 (3.7), 311.0 (3.5); 1H and 13C NMR: (see Table 2-10); EI-MS 70 eV, 
m/z (rel. int.): 342.1 (100), 265.1 (20), 238.1 (36), 210.0 (42), 180.1 (15); HREI-MS: m/z 





Pallidisetin B (110) 
(9Z)-2,3-dihydro-2-phenyl-5-styrylchromen-4-one, gum. UV: λmaxmethanol nm (log ε): 
203.0 (4.4), 269.0 (4.0), 293.0 (3.9), 1H and 13C NMR: (see Table 2-11). EI-MS 70 eV, 
m/z (rel. int.): 342.1 (100), 265.0 (38), 238.0 (64), 210.0 (74), 180.1 (225); HREI-MS: 
m/z [M+] 342.1255 (calc. for C23H18O3, 342.1256). 
 
Communnin A (111) 
2,3-dihydro-2-phenylnaphtho[2,1-f]chromen-4-one, gum. UV: λmaxmethanol nm (log ε): 
237.5 (4.0), 271.5 (4.3), 295.5 (3.8), 1H and 13C NMR: (see Table 2-12). EI-MS 70 eV, 
m/z (rel. int.): 340.0 (100), 263.0 (10), 236.0 (99), 208.0 (14), 180.0 (20), 152.0 (26); 














2.7 Conclusions  
Besides the moss species discussed above, other species, such as Meteorium polytrichum 
Dozy & Molk., Pogonatum macrophyllum Dozy & Molk., Trichosteleum fleischeri, and 
Trismegistia lancifolia (Harv.) Broth., have also been studied. M. polytrichum, T. 
lancifolia, and P. macrophyllum contained the biflavonoid 3′,3′′′-binaringenin (59). 
Although enough compounds could not be attained to elucidate the structures, 1H NMR 
of T. fleischeri showed three biflavonoids patterns.  
 
Our studies revealed ten known and seventeen new compounds from ten moss species, 
such as bibenzyl derivatives (96-98) from Himantocladium cyclophyllum, phenanthrene 
derivatives (86, 92, 93) from Dicranoloma blumii, phenanthrene derivatives (106-108) 
from Racomitrium lanuginosum, ohioensins (112), Pallidisetins (109, 110), and 
communin (111) from Polytrichum commune, himantoflavone (99) from 
Himantocladium cyclophyllum, 3′,3′′′-binaringenin methyl ethers (100, 101) from 
Ectropothecium sparsipilum, pyrronins (107) from Pyrrhobryum spiniforme and 
Pleurozium schreberi, and leuconin (94) from Leucobryum sanctum. It can be concluded 
that polyphenolic compounds are the major secondary metabolites of moss species. All 








































Chapter 3 Natural products from some liverwort species 
 
Liverwort is another group of plants belonging to the bryophytes. DNA analysis has 
revealed that mitochondrial group II introns are absent from liverworts, green algae and 
all other eukaryotes with an occasional absence in mosses, hornworts and all major 
lineages of vascular plants. However, they are present in all of the other 352 diverse land 
plants surveyed. This indicates that liverworts are the earliest land plants [40]. There are 
about 6000 to 8000 liverwort species in the world [101]. According to Schuster’s 
classification, Hepatophyta includes two subclasses and six orders [102](see Table 3-1).  
 
Table 3-1 The classification of Hepatophyta 








The chemistry of many liverwort species has been extensively studied and different 
secondary metabolites have been isolated. Because of large quantities of terpenoids in the 
oil body, this type of compound, together with bibenzyls and their di- and tetramers, are 
considered to be the characteristic metabolites of liverworts. However, flavonoids and 
other phenolic compounds are also frequently produced.  In this project, about ten 
 85
liverwort species have been studied. Nine of them belong to subclass Jungermanniidae. 































































Subclass Jungermanniidae include the liverwort species that have leafy gametophytes 
with two rows of leaves. Most of our studied liverworts belong to this subclass. 
 
3.1.1 Riccardia crassa (Schwaegr.) C. Massal, Riccardia elata (Steph.) Schiffn., and 
Riccardia graeffei (Steph.) Hewson. 
3.1.1.1 Introduction 
Since the chemistry of Riccardia levieri was studied in 1963 [103], many different 
compounds have been isolated from different Riccardia species [40], These compounds 
include bibenzyls from Riccardia marginata (113-116)[104], bisbibenzyls and other 
compounds from Riccardia multifida (117-123)[105, 106], and sesquiterpenoids from 
Riccardia chamedryfolia [107], Riccardia jakii (124-129)[108] and Riccardia crassa (130-
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3.1.1.2. Results and discussion 
3.1.1.2.1 Chemistry of Riccardia crassa     
Riccardiphenol D (133) 
Two similar compounds were isolated from Riccardia crassa and they were new 
compounds. Compound 133, a yellowish gum C21H28O2 (m/z 312.2088), was isolated 
from the ethyl acetate extract of R. crassa and the structure was deduced from NMR and 
MS data. The phenolic nature of this compound was indicated by its positive reaction 
towards FeCl3. The 1H and 13C NMR spectra (see Table 3-2) indicated there was a 1,2,4-
trisubstituted phenyl ring [δH 6.68 (1H, d, J = 8.3 Hz, H-3′), 6.55 (1H, dd, J = 3.0 Hz, 8.3 
Hz, H-4′), 6.65 (1H, d, J = 3.0 Hz, H-6′)] and that the 4- and 2- positions were 
oxygenated [δC, 147.8 (C-2′) and 149.4 (C-4′)]. There were a conjugated diene [δH 5.56 
(1H, d, J = 15.7, H-7), 6.20 (1H, dd, J = 10.5, 15.7, H- 8), 5.77 (1H, dd, J = 0.95, 10.6, 
H-9)], and four methyl groups [δH, 1.72 (3H, s, H-11), 1.72 (3H, s, H-12), 1.10 (3H, s, H-
13), 1.41(3H, s, H-14)]. Methylation of compound 133 gave a dimethyl ether (134) [δH 
3.78 (3H, s, OCH3), 3.75 (3H, s, OCH3)] and confirmed the presence of two hydroxy 
groups in compound 133. Analysis of the HMQC and HMBC spectra led to the structure 
of compound 133 and the 1H and 13C NMR assignments. The two methyl groups (δH 1.74 
and 1.72) correlated to each other and also correlated to other two olefinic carbons (δC 
125.5 and 133.1, C-9 and C-10). Proton H-9 (δH dd 1.0, 10.6) correlated to two olefinic 
carbons (δC 140.4 and 123.4, C-7, C-8). Proton H-8 correlated to two tertiary carbons (δC 
38.9 and 133.1, C-6 and C-10) and two olefinic carbons (δC 140.4 and 125.5, C-7 and C-
8). Proton H-7 correlated to one tertiary carbon (δC 38.9 C-6), one methine carbon (δC 
48.4, C-5), one methylene carbon (δC 30.5, C-1), and one methyl carbon (δC 24.5, C-13). 
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This information gave the substructure 1. The three aromatic protons [δH 6.68 (1H, d, J = 
8.3 Hz, H-3′), 6.55 (1H, dd, J = 3.0 Hz, 8.3 Hz, H-4′), 6.65 (1H, d, J = 3.0 Hz, H-6′)] 
revealed that There was a 1,2,4 trisubstituted benzene ring. The two methylene protons 
(δH 2.52 and 2.80, H-15a and H-15b) correlated to three carbons [δC 129.9 (C-1′), 147.8 
(C-2′), and 117.4(C-6′)]. This information gave the substructure 2. Methylene protons H-
1 (δH 1.47) correlated to one tertiary carbon (δC 38.9, C-6), one methine carbon (δC 48.2, 
C-5), one methylene carbon (δC 23.2, C-2), and one sp2 carbon (δC 122.3, C-3). The 
methyl group (δH 1.42, H-14) correlated to two sp2 carbons (δC 122.3 and 137.8, C-3 and 
C-4) and one methine carbon (δC 48.2, C-5). This information indicated the substructure 
3. The methylene protons (δH 2.52 and 2.80, H-15a and H-15b) correlated to two tertiary 
carbons (δC 38.9 and 137.8, C-6 and C-4) and one methine carbon C-5. Proton H-7 
correlated to C-1, C-5, C-6, C-13. This information revealed how these three structure 
units were connected to give compound 133. The relative stereochemistry of compound 
133 can be determined with 1D NOE spectroscopy (see Figure 3-2).  1D NOE spectra 
indicated there were NOE enhancements between H-5 and H-7, between H-7 and H-9, 
and between methyl group Me-13 and H-15. The H-5 splitting pattern was doublet-
doublet and coupling constants (J = 5.1, 9.0) indicated H-5 was axial position. So the 
diene was equatorial position and methyl group Me-13 was axial position. The coupling 
constant between H-7 and H-8 indicated that they were trans- protons. Similar compound 
(131) was isolated from same species [109]. 






























substructure 2 substructure 3
 
 
Table 3-2,1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 133 in CDCl3 
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1 1.47(2H, m) C-2, 6 C-3, 5, 13 30.5 (CH2)
2 2.02 (2H, m) C-1  23.2 (CH2)
3 5.36 (1H, br s) C-2 C-1 122.3 (CH) 
4    137.8 (C) 
5 2.22 (1H, dd (5.1, 9.0) C-4, 6, 15 C-1, 3, 7, 13, 14, 1′ 48.2 (C) 
6    38.9 (C) 
7 5.56 (1H, d, 15.7) C-6 C-1, 5, -9, 13 140.4 (CH) 
8 6.20 (1H, dd, 10.6, 
15.7) 
C-7, 9 C-6, 10 123.4 (CH) 
9 5.77 (1H, dd, 1.0, 10.6) C-8 C-7, 12 125.5 (CH) 
10    133.1 (CH) 
11 1.74 (3H, s) C-10 C-9, 12 18.3 (CH3)
12 1.72 (3H, s) C-10 C-9, C-11 25.9 (CH3)
13 1.10 (3H, s) C-6 C-1, 2, 5, 7, 8 24.5 (CH3)
14 1.41 (3H, br s) C-4 C-3, 5 24.2 (CH3)
15 2.52 (1H, dd 9.0, 14.0) 
2.80 (1H, dd, 5.1, 14.0)
C-5, 1′ C-4, 6, 2′, 6′ 31.8 (CH2)
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1′    129.9 (C) 
2′    147.8 (C) 
3′ 6.65 (1H, d, 8.3) C-2′, 4′ C-1′, 5′ 116.6 (CH) 
4′ 6.55 (1H, dd, 3.0, 8.3) C-3′, 5′ C-6′ 113.5 (CH) 
5′    149.4 (C) 
6′ 6.68 (1H, d, 3.0) C-1′, 5′ C-2′, 4′, 15 117.4 (CH) 
OH-2′ 5.29    




Compound 135 is another compound isolated from the ethyl acetate extract of R. crassa. 
Comparison of 1H and 13C NMR spectra of compound 135 with those of compound 133 
revealed only a few of differences. Both compounds had four methyl groups with similar 
chemical shifts. Both compounds had a diene, a 1,2,4-trisubstituted benzene ring and a 
methylene group (C-15). In compound 135, there were only six olefinic protons, while 
there were seven in compound 133. Comparison of these olefinic protons indicated that 
the olefinic proton [δH 5.36, br s] was absent in compound 135. The 13C NMR date 
revealed that there were only ten sp2 carbons and there was a new oxygenated quaternary 
carbon in compound 135,  which indicated that the double bond was absent and C-4 was 
oxygenated. In compound 135, H-5 [δH (1.95, dd, J = 5.1, 12.6 Hz)] was more deshielded.  
In the proton spectra, compound 135 had two protons [δH 7.80 (1H dd, J = 2.0Hz, 8.8 Hz, 
H-4′), 7.85 (1H d, J = 2.0 Hz, H-6′)], which were more deshielded compared with 
compound 133 [δH 6.55 (1H dd, J = 3.0 Hz, 8.3 Hz, H-4′), 6.68 (1H d, J = 3.0 Hz, H-3′)]. 
The 13C spectrum indicated that there was a carboxylic acid group [δC 171.9, -COOH]. 
This information indicated the structure of compound 135. There were two chiral centers 
at C-4 and C-6. The relative stereochemistry of compound 135 could be determined with 
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1D- NOE data and the coupling constants (see Figure 3-3). The coupling constants of H-5 
[δH (1.95, dd, J = 5.1, 12.6 Hz)] indicated it was axial position. 1D NOE showed there 
were NOE interactions between H-5 and methyl group Me-13, between H-7 and methyl 
Me-14, and between H-9 and methyl Me-14. This information indicated the methyl group 
Me-14 and the diene group were both axial positions. Similar compound (132) was 
























Figure 3-3  Proposed relative configuration 





















3.1.1.2.2 Chemistry of Riccardia graeffei 
Riccardiphenol C (136) 
Compound 135, riccardiphenol C (136) and two benzoic acids (137, 138) were isolated 
from Riccardia graeffei. Comparison of the 1H NMR data of compound 136 with those of 
compound 135 revealed that there was only a little difference. In compound 135, there 
were two aromatic protons [δH 7.80 (1H, dd, J = 2.0Hz, 8.8 Hz, H-4′), 7.85 (1H, d, J = 
2.0 Hz, H-6′)], while the two aromatic protons were more shielded [δH 6.56 (1H, dd, J = 
2.4Hz, 6.6 Hz, H-4′), 6.61 (1H, d, J = 2.4 Hz, H-6′)] in compound 136. It can be deduced 
that the carboxylic group had been replaced by hydroxy group.  It was a known 
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compound and was isolated from Riccardia crassa in 1995 by N.B. Perry and L.M. 
Foster [110]. 
 
3-farnesyl-4-methoxybenzoic acid (137), 3-geranyl-4-methoxybenzoic acid (138) 
Two prenylated benzoic acids were also isolated from R. graeffei. The 1H and 13C NMR 
data of compound 137 indicated that there were a 1,2,4-trisubstituted benzene ring [δH 
6.87 (1H, d, 8.7, H-5), 7.94 (1H, dd, 2.0, 8.7 Hz, H-6), 7.88 (1H, d, 2.0, H-2)] and one 
methoxy group [δH 3.90 (s)]. It also indicated there were four methyl groups [δH 1.67 (3H, 
br s), 1.71 (3H, br s), 1.59 (3H, br s), 1.59 (3H, br s)], three methylene groups [δH 3.33 
(2H, d, 7.0), 2.12 (2H, m), 2.06 (2H, m)], and three olefinic protons [δH 5.31 (1H, t, 7.7, 
H-2′), 5.12 (1H, t, 6.5, H-6′), 5.08 (1H, t, 7.4, H-10′)]. These protons indicated there were 
prenyl groups in the structure. The four methyl groups proved it was a farnesyl group. 
Otherwise there should be more than four methyl groups. The MS data and NMR data 
indicated there was a carboxylic group in this compound. Comparison of 1H NMR data of 
compound 138 with that of compound 137 revealed only a little difference. There were 
only three methyl groups [δH 1.77 (3H, br s), 1.71 (3H, br s), 1.78 (3H, br s)], two 
methylene groups [δH 3.33 (2H, d, 7.0), 2.10 (2H, m)], and two olefinic protons [δH 5.46 
(1H, t, 7.7, H-2′), 5.33 (1H, t, 6.5, H-6′)]. It indicated that there was a geranyl group in 
the structure. Compound 137 and 138 were elucidated as two prenylated benzoic acids, 3-
farnesyl-4-methoxybenzoic acid (137) and 3-geranyl-4-methoxybenzoic acid (138). Their 
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3.1.1.2.3 Chemistry of Riccardia elata 
1-(3-methoxystyryl)benzene (139) 
From Riccardia elata one stilbene (139) and three flavonoids (140-142) were isolated and 
their structures were determined. 1H NMR data of compound 139 indicated that there 
were eleven protons from 6.83 to 7.52 ppm, which indicated there should be seven 
conjugated double bonds in this structure. There was a 1,3-disubstituted benzene ring [δH 
7.06 (1H, m, H-2), 6.83 (1H, ddd, 1.8, 2.3, 8.7, H-4), 7.27 (m, H-5), 7.12 (br d, 7.8)]. 
There was a mono-substituted benzene ring [δH 7.52 (2H, d, 7.0, H-2′, 6′), 7.37 (2H, t, 8.4, 
H-3′, 5′), 7.27 (m, H-4′)]. There was also an AB system [δH 7.10 (2H, d, 17.0, H-a, a′)]. 
This information indicated compound 139 was a stilbene. The structure was confirmed by 
comparing the NMR data with those in the literature [113]. This compound was 
synthesized in 1992 and it was the first time for it to be isolated as a natural product. 




The NMR data of compound 140 showed there were fifteen carbons in the structure. 
There were two benzene rings and a carbonyl group, which were the characteristics of 
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flavonoids. The NMR data of compound 140 indicated that there was a mono-substituted 
benzene ring [7.90 (2H, m, H-2′ and H-6′), 7.53 (3H, m, H-3′, H-4′, H-5′)]. There were 
two aromatic protons meta- to each other [[δH, 6.50 (1H, d, 2.3, H-6), 6.38 (1H, d, 2.3, H-
8)].  There was a hydroxy group, which chelated with a carbonyl group [δH 12.72]. 
Compound 140 was elucidated as 5-hydroxy-7-methoxyflavone. It was a known 
compound and was isolated from many plants [114]. Comparison of the NMR data of 
compound 141 with those of compound 140 indicated that one of the two meta-coupling 
aromatic protons was substituted by one methoxy group. There were two methoxy groups 
and one of them was an ortho-disubstituted methoxy [61.8 (3H)]. These two methoxy 
could be either at position 6 and 7 or 7 and 8. If these two methoxy groups were at 
position 7 and 6, there would be two aromatic protons [δH, 6.59, 6.68 (2H, 2×s, H-3, H-8)] 
[115]. If these two methoxy groups were at position 7 and 8, there were also two aromatic 
protons [δH, 6.42, 6.65 (2H, 2×s, H-3, H-6)] [116]. The 1H NMR data of compound 141 
showed these two methoxy groups were at position 6 and 7. Compound 141 was 
elucidated as 5-hydroxy-6,7-dimethoxy-flavone. Compound 141 was a known compound 
and was isolated from Popwia caulifora, a liane bush of the family Annonaceae 
indigenous to the tropical rainforest of West Africa from Zaire to S. Nigeria [117-119]. The 
1H and 13C data of compound 142 indicated that there were three methoxy groups and 
two of them are ortho-disubstituted methoxy groups [δH 62.2 (3H, s), 62.8 (3H, s), 57.0 
(3H, s)]. It was elucidated as 5,6,7-trimethoxyflavone. It was a widely existing compound 























142 R1=R2=Me139  
 
3.1.1.3 Experimental  
Plant materials  
Three different Riccardia species were collected at Cameron highland in Malaysia in 
2003. Samples were identified by Furuki Tatsuwo and voucher specimens, Riccardia 
crassa (GXW-006), Riccardia elata (GXW-003), and Riccardia graeffei (GXW-002), are 
deposited in Raffles Museum of Biodiversity Research National University of Singapore 
(SINU).  
 
Extraction and Isolation 
All species were purified by hand to remove foreign plant material, after which they were 
air-dried and ground. CC of the crude extract of the first species R. crassa (1.229 g) and 
second species R. graeffei (0.4 g) (silica gel, hexane-EtOAc 7 : 3) gave a series of 
fractions. After further purification with GPC (LH-20 methanol: dichloromethane = 50 : 
50) and CC (silica. ethyl acetate: n-hexane = 3:7), the first species gave compound 133 
(42 mg) and compound 135 (75 mg), the second species gave compound 135 (3 mg), 
compound 136 (20 mg), compound 137 (2 mg), and compound 138 (2 mg). CC of the 
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crude extract of the third species R. elata  (silica, ethyl acetate: n-hexane = 3 : 7 and 5 : 5) 
and further purification with HPLC (Diol column, acetone: n-hexane = 1: 99) gave 
compound 139 (9 mg). Purification with HPLC (Diol column, acetone: n-hexane = 1 : 9) 
gave compound 140 (7 mg). Further purification with HPLC (Diol column acetone : n-
hexane = 1 :  4) gave compound 141 (5 mg) and compound 142 (15 mg). 
 
Riccardiphenol D (133).  
Yellowish gum, C21H28O2, [α]D +29 (ethanol, c 1.4); UV: λmaxethanol nm (log ε): 296.0 
(3.45), 252.5 (3.83); EI-MS 70 eV, m/z (rel. int.): 312.2 (58), 284.3 (20), 230.3 (92), 
189.2 (80), 161.2 (75), 123.1 (100), 107.1 (92), 55.1(51); HREI-MS: m/z [M+]: 312.2088 
(C21H28O2, calc as 312.2082); 1H and 13C NMR data: (see Table 3-2). 
 
Compound 135 
Yellowish gum, C22H28O3, [α]D20 -541(ethanol, c 2.0); UV: λmaxethanol nm (log ε): 289.5 
(3.23), 258.5 (3.89); HRESI-MS: m/z [M+H+]: 341.2127 (C21H28O2, calc as 341.2109); 
1H NMR (500 MHz; in CDCl3): 1.12 (3H, s), 1.40 (2H, m), 1.56 (3H, s), 1.70 (2H, m), 
1.78 (6H, s), 1.80 (2H, m), 1.95 (1H, m), 2.71 (1H, dd, 12.9, 15.6), 2.79 (1H, dd, 5.1, 
15.6), 5.70 (1H, d, 15.3), 5.80 (1H, br d, 10.6), 6.25 (1H, dd, 10.6, 15.3), 6.80 (1H, d, 8.8), 
7.80 (1H, dd, 2.0, 8.8), 7.85 (1H, d, 2.0); 13C (125 MHz, in CDCl3): 18.4 (CH3), 19.4 
(CH2), 19.5 (CH3), 22.8 (CH2), 25.9 (CH3), 29.9 (CH3), 38.5 (CH2), 39.0 (C), 39.9 (CH2), 
48.7 (CH), 78.6 (C), 117.1 (CH), 120.6 (C), 122.3 (C), 124.8 (CH), 125.5 (CH), 129.8 
(CH), 132.6 (CH), 133.9 (CH), 158.2 (C), 171.9 (C). 
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Riccardiphenol C (136) 
1H NMR (500 MHz, in CDCl3): 1.10 (3H, s), 1.12 (3H, s), 1.40 (2H, m), 1.66 (2H, m), 
1.78 (6H, s), 1.80 (2H, m), 1.93 (1H, m), 2.64 (2H, m), 5.70 (1H, d, 15.3), 5.80 (1H, br d, 
10.8), 6.25 (1H, dd, 10.4, 15.7), 6.62 (1H, d, 6.6), 6.57 (1H, dd, 2.4, 6.6), 6.61 (1H, d, 
2.4). 13C NMR (125 MHz, in CDCl3): 19.1 (CH3), 19.9 (CH3), 20.2 (CH2), 23.9 (CH2), 
26.6 (CH3), 30.6 (CH3), 39.5 (CH2), 39.6 (C), 40.8 (CH2), 49.6 (CH), 77.6 (C), 115.0 
(CH), 116.3 (CH), 118.2 (CH), 124.0 (C), 125.3 (CH), 126.3 (CH), 134.3 (C), 135.1 (CH), 
147.8 (C), 149.3 (C). 
 
3-farnesyl-4-methoxybenzoic acid (137) 
1H NMR (500 MHz, in CDCl3) 1.59 (6H, br s), 1.67 (3H, br s), 1.71 (3H, br s), 1.96 (2H, 
m), 2.06 (4H, m), 2.12 (2H, m), 3.33 (2H, d, 7.0), 3.90 (3H, s), 5.08 (1H, t, 7.4), 5.12 (1H, 
t, 6.5), 5.31 (1H, t, 7.7), 6.87 (1H, d, 8.7), 7.88 (1H, d, 2.0), 7.94 (1H, dd, 2.0, 8.7); 13C 
(125 MHz in CDCl3): 16.7 (CH3), 16.8 (CH3), 18.4 (CH3), 26.4 (CH3), 27.3 (CH2), 27.4 
(CH2), 28.9 (CH2), 40.4 (CH2), 40.5 (CH2), 56.2 (CH3), 110.3 (CH), 121.8 (C), 122.2 
(CH), 124.8 (CH), 125.1 (CH), 130.9 (CH), 131.0 (C), 131.9 (C), 132.1 (CH), 135.6 (C), 
137.5 (C), 162.5 (C). 
 
3-geranyl-4-methoxybenzoic acid (138) 
1H NMR (500 MHz, in CDCl3): 1.71 (3H, br s), 1.77 (3H, br s), 1.78 (3H, br s), 2.28 (2H, 
m), 2.10 (2H, m), 3.33 (2H, d, 7.0), 3.90 (3H, s), 5.33 (1H, t, 6.5), 5.46 (1H, t, 7.7), 6.87 




1H NMR (500 MHz, in CDCl3): 3.86 (3H, s), 6.83 (1H, ddd, 1.0, 2.3, 7.8), 7.06 (1H, m), 
7.10 (2H, d, 17.0), 7.12 (1H, br d, 7.8), 7.37 (2H, t, 8.4), 7.27 (2H, m), 7.52 (2H, d, 7.0). 
13C NMR (125 MHz, in CDCl3): 55.2 (CH3), 111.8 (CH), 113.3 (CH), 119.2 (CH), 126.5 
(CH), 127.7 (CH), 128.6 (CH), 128.7 (CH), 129.0 (CH), 129.6 (CH), 137.3 (C), 138.8 
(C), 159.9 (C). 
 
5-hydroxy-7-methoxyflavone (140) 
1H NMR (500 MHz, in CDCl3): 3.89 (3H, s), 6.38 (1H, d, 2.3), 6.50 (1H, d, 2.3), 6.67 
(1H, s), 7.53 (3H, m), 7.90 (2H, m), 12.7 (1H, s). 13C (125 MHz, in CDCl3): 56.5 (CH3), 
92.8 (CH), 98.2 (CH), 105.0 (CH), 105.4 (C), 127.0 (CH), 127.0 (CH), 129.8 (CH), 129.9 
(CH), 132.0 (CH), 132.5 (C), 158.5 (C), 162.9 (C), 164.7 (C), 166.3 (C), 183.2 (C). 
 
5-hydroxy-6,7-dimethoxyflavone (141) 
1H NMR (500 MHz, in CDCl3): 3.93 (3H, s), 3.97 (3H, s), 6.68 (1H, s), 6.57 (1H, s), 7.53 
(3H, m), 7.90 (2H, m), 12.7 (1H, s); 13C (125 MHz, in CDCl3): 57.3 (CH3), 61.8 (CH3), 
91.6 (CH), 106.6 (CH), 107.3 (C), 127.0 (CH), 127.2 (CH), 130.1 (CH), 132.3 (CH), 
132.8 (C), 154.0 (C), 154.3 (C), 159.9 (C), 164.9 (C), 183.7 (C). 
 
5,6,7-trimethoxyflavone (142) 
1H NMR (500 MHz, in CDCl3): 3.92 (3H, s), 3.98 (3H, s), 3.99 (3H, s), 6.66 (1H, s), 6.81 
(1H, s), 7.53 (3H, m), 7.90 (2H, m); 13C (125 MHz, in CDCl3): 57.0 (CH3), 62.8 (CH3), 
62.2 (CH3), 97.0 (CH), 109.2 (C), 113.7 (CH), 126.7 (CH), 126.7 (CH), 129.7 (CH), 
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3.1.2 Unidentified Malaysia Bazzania species 
3.1.2.1 Introduction 
Bazzania, a widely located liverwort genus, is often found in large clumps at the bases of 
trees or on rotten logs. The chemistry of many bazzania species has been studied. 
Sesquiterpenoids (143-158) were isolated from B. japonica [122, 123], B. pompeana [123], B. 
tricenata [123], B. tridens [123-125], B, trilobata [123, 127], B. fauriana [126], and B, novae-
zelandiae [128]. Bisbibenzyls (159-162) were isolated from B. multifida [129] and B. 
trilobata [130].  
 
3.1.2.2 Results and discussion 
eudesmane-5α,6α-diol (163) 
Compound 163, C15H28O2, was a sesquiterpenoid because of the characteristic 1H NMR 
signals [δH 0.83 (3H, d, 6.9), 0.94 (6H, d, 6.5), and 1.17 (3H, s)] and the fifteen signals in 
13C NMR spectrum. There were no olefinic carbons as all the 13C signals were below 
80ppm. There were four methyl groups, five methylenes, four methines, and two 
quaternary carbons. There were two oxygenated carbons [δC 71.5 and 75.3]. The degree 
of unsaturated was two, which indicated that compound 163 was a bicyclic 
sesquiterpenoid. The 1H NMR signals of compound 163 were seriously overlapped and it 
was not easy to use 2D correlations to establish the connections. Collins reagent was used 
to oxidize the alcohol 163 to compound 164. The appearance of carbonyl carbon signal at 
214.9 indicated that the oxidation was successful. The 1H NMR signals of compound 164 
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161 162  
HMBC correlations (see Table 3-3) were used to establish the connections of this ketone. 
HMBC correlations from H-11 to C-12 and C-13 meant there was a isopropyl group. 
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Substructure 1 was established with the help of correlations from H-9 to C-8, C-10, C-11, 
C-12, and C-13. HMBC correlations from H-14 to C-1, C-5, C-6, and C-7 gave the 
substructure 2. Substructure 3 was based on the correlations from H-15 to C-3, C-4, and 
C-5. It was clear that substructure 2 and 3 shared the same oxygenated carbon C-5. The 
other connection between these two units was established basing on the correlations from 
H-2 to C-1 and C-3. HMBC correlations from H-8 to C-7 and C-9 joined substructure 1 
and 2. The last problem was the connections of C-8 and C-10. As this was a bicyclic 
compound, the only choice was connecting C-5 to C-10. The whole structure of 164 was 
elucidated to be 5α-hydroxyeudesmane-6-one. The corresponding alcohol 163 was 
eudesmane-5α,6α-diol. The relative stereochemistry of compound 163 was established 
with the help of coupling constants and NOE effects. The splitting pattern of H-4 of 
compound 164 was doublet-doublet-quartet with coupling constants 13.0 Hz, 4.2 Hz, and 
6.5 Hz. H-4 was at axial position and it coupled with one axial proton, one equatorial 
proton to give one big doublet and one small doublet. NOE effect involving H-4, H-10 
and H-14 indicated that H-10 and H-14 were also at axial position. The isopropyl group 






















Firgure 3-4 Selective HMBC correlations of 164
substructure 2 substructure 3
Figure 3-5 Selective and NOE effects of 163  
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Table 3-3.1H (500 MHz), HMBC and 13C (125 MHz) NMR data of 164 in CDCl3 
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1 (a) 
1′(e) 
1.69 (1H,dt, 4.2, 13.4) 
1.17 (1H, m) 
C-2, 6, 
 
C-3, 7, 14 33.7 (CH2)
2 
2′ 
1.60 (1H, m) 
0.96 (1H, m) 
C-3, 1 C-4, 6 21.7 (CH2)
3 
3′ 
1.51 (1H, m) 
1.45 (1H, m) 
C-2, 4 C-1, 15, 5 29.9 (CH2)
4 2.17 (1H, ddq, 13.0, 4.2, 6.5) C-3, 5, 15 C-2, 29.3 (CH)
5    82.9 (C) 
6    43.5 (C) 
7 (a)* 
7′(e)* 
2.06 (1H, dt, 5.1, 13.4) 
1.08 (1H, ddd, 1.9, 4.2, 13.4)





1.92 (1H, m) 
1.45 (1H, m) 
C-7, 9 C-6, 10, 11 26.8 (CH2)
9 2.97 (1H, dt, 12.9, 6.9) C-8, 10, 11 C-7, 12, 13 51.0 (CH)
10    214.9 (C) 
11 1.96 (1H, m) C-9, 12, 13 C-8, 10 26.3 (CH)
**12 0.86 (3H, d, 6.5) C-11, 13 C-9 18.9 (CH3)
**13 0.87 (3H, d, 6.5) C-12, 11 C-9 21.7 (CH3)
14 0.80 (3H, s) C-6 C-1, 7 18.4 (CH3)
15 0.80 (3H, d, 6.5) C-4 C-3. 5 18.2 (CH3)
 
** Ambiguous assignments  
*  a: axial, e: equatorial 
 
3.1.2.3 Experimental 
Plant materials  
The Bazzania species was collected at Gunung Belumut in Malaysia in 2004. Samples 
were identified to be Bazzania and the species name was not determined. Voucher 
specimens (GXW-007) are deposited in Raffles Museum of Biodiversity Research 





Extraction and Isolation 
The plant materials were purified by hand to remove foreign plant material, after which 
they were air-dried and ground. Bazzania (GXW007) (5.8 g) was extracted with cold 
EtOAc to give a crude extract (220 mg) after solvent removal. CC of the extract (silica 
gel, n-hexane : EtOAc step gradient) gave eight major fractions. Further GPC purification 
of the fraction which eluted with 20% EtOAc - hexane produced compound 163 (43.5 
mg).  
 
Oxidation with Collins’ reagent 
A stirred Collin’s reagent (84 mg CrO3 + 132 mg pyridine, 2 equiv) in G. R. grade 
CH2Cl2 was prepared in situ according to the method of Ratcliffe [131]. Compound 163 
(10 mg, 1 equiv) was added in one portion and stirring was continued until TLC showed 
that the reaction was complete. After decanting the organic layer, the residue was washed 
with three portions of diethyl ether (3 x 5ml). The combined organic extracts were 
washed successively with 5% sodium hydroxide (3 x 10ml), 5% hydrochloric acid (3 x 
10ml), 5% sodium bicarbonate (3 x 10ml), and saturated sodium chloride (3 x 10ml). The 
organic layer afforded the product 164 (6.4 mg).   
 
eudesmane-5α,6α-diol (163) 
Colourless gum, C15H28O2, [α]D +1.0 (acetone, c 4.35); EI-MS 70 eV, m/z (rel. int.): 
240.2 (59), 222.2 (67), 204.2 (52), 179.1 (49), 161.2 (60), 139.1 (70), 126.1 (86), 109.1 
(78), 81.1 (69), 69.1 (76), 43.0 (100); HREI-MS: m/z [M+]: 240.2088 (C15H28O2, Cal : 
240.2082); 1H NMR (500 MHz; in CDCl3): 0.83 (3H, d, 6.9), 0.94 (6H, d, 6.5), 1.17 (3H, 
 106
s), 1.34 (1H, dd, 5.1, 13.0), 1.42-1.58 (8H, m), 1.65 (1H, tq, 4.6, 13.4), 2.16 (1H, dqq, 6.5, 
4.2, 4.2), 3.80 (1H, br-s); 13C (125 MHz, in CDCl3): 14.6 (CH3), 20.4 (CH3), 20.5 (CH2), 
20.6 (CH2), 20.7 (CH3), 21.1 (CH3), 29.0 (CH), 30.1 (CH2), 30.7 (CH), 35.8 (CH2), 36.2 
(C), 36.7 (CH2), 43.4 (CH), 71.5 (CH), 75.3 (C). 
 
5α-hydroxyeudesmane-6-one (164) 
Colourless gum, C15H26O2, [α]D +45.6 (acetone, c 0.64); EI-MS 70 eV, m/z (rel. int.): 
238.2 (53), 222.2 (30), 205.2 (20), 177.2 (17), 161.2 (20), 139.1 (74), 126.1 (100), 109.1 
(83), 84.0 (77), 69.1 (78), 43.1 (88); HREI-MS: m/z [M+]: 238.1927 (C15H26O2, Cal: 















3.1.3 Lepidozia chordulifera Lindenb. 
3.1.3.1 Introduction 
The liverwort genus Lepidozia is a rich source of secondary metabolites. Terpenoids 
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Chlorinated secondary metabolites are common in marine organisms and rarely found in 
terrestrial plants. However over the last few years chlorinated bibenzyls and their 
derivatives were isolated from a number of different liverwort species, namely 
Plagiochila deflexa [139], Bazzania trilobata [139], Herbertus sakuraii [140], Mastigophora 
diclados [140], Jamesoniella colorata [141], Lepidozia incurvata [142], and Riccardia 
marginata [143]. Most of these bisbibenzyls are chlorinated derivatives of isoplagiochin C 
(175).  
 
3.1.3.2 Results and discussion 
Three new chlorinated bisbibenzyls (176-178), of the isoplagiochin C type, were isolated 
from the liverwort Lepidozia chordulifera Lindenb. 
 
2,10,12,6',14'-pentachloroisoplagiochin C (176) 
Compound 176 was obtained as a yellow solid. Its molecular formula C28H17O4Cl5 was 
established by high resolution mass spectrometry. The mass spectrum revealed the typical 
isotope pattern for five chlorine atoms in the [M+] peaks (m/z 592 : 593 : 594 : 595 : 596 : 
597 = % 60 : 38 : 100 : 36 : 64 : 22 : 25). The 1H and 13C spectra (see Table 3-4) showed 
signals for two benzylic methylene groups [δH 2.72 (1H, m), 2.74 (1H, m), 2.93 (1H, m), 
2.70 (1H, m) and δC 35.0, 37.4], a cis olefin [δH 6.73 (1H, d, 12.1) and 6.61 (1H, d, 12.1)] 
two pairs of meta-coupling protons [δH 7.28 (1H, d, 2.0), 6.53 (1H, d, 2.0), 7.02, (1H, d, 
2.0), and 7.43 (1H, d, 2.0)], and three isolated aromatic protons [δH 7.01 (1H, s), 7.23 (1H, 
s), and 7.27 (1H, s)]. These NMR data resembled those of isoplagiochin C (175). HMBC 
correlations were used to assign the positions of those aromatic protons. Correlations 
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from H-3 to C-5 and from H-5 to C-3 showed these two protons were at the same ring. 
Correlations from H-7 to C-4, C-3, and C-5 indicated that this methylene was connected 
to C-4 and also gave the positions of these protons [δH 7.28 (H-3, d, 2.0) and 6.53 (H-5, d, 
2.0)]. The isolated protons H-10' and H-13' were at the same benzene ring because both 
of them correlated with C-11' and C-14'. H-10' and H-13' were at the 1 and 4 positions of 
this benzene ring because of their singlet 1H NMR signals. Correlations from the olefinic 
proton H-8' to C-10' and C-14' gave the position of H-10' and H-13'. Correlations from H-
13 to C-9, C-11, C-12, C-14, and C-12' revealed the position of this proton. Similarly, 
correlations from H-7' to C-3' and C-4' gave the other connecting position of the olefin 
and the positions of meta-coupling H-3' and H-5'. Now all the positions of seven protons 
had been assigned. Other five positions in this molecule were occupied by five chlorine 
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Table 3-4.1H (500 MHz), HMBC and 13C (125 MHz) NMR data of 176 in acetone-d6 
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1    149.4 (C) 
2    122.7 (C) 
3 7.28 (1H, d, 2.0) C-2 C-1, 5, 7 130.2 (CH) 
4    137.2 (C) 
5 6.53 (1H, d, 2.0) C-6 C-1, 3, 7, 2' 133.4 (CH) 
6    128.8 (C) 
7 2.72 (1H, m) 
 2.74 (1H, m) 
C-4, 8 C-3, 5, 9 35.0 (CH2)
8 2.93 (1H, m) 
 2.70 (1H, m) 
C-7, 9 C-4, 10, 14 37.4 (CH2)
9    141.0 (C) 
10    123.6 (C) 
11    150.4 (C) 
12    120.3 (C) 
13 7.23 (1H, s) C-12, 14 C-9, 11, 12' 131.2 (CH) 
14    131.7 (C) 
1'    151.2 (C) 
2'    129.6 (C) 
3' 7.02 (1H, d, 2.0) C-4' C-1', 6, 7' 132.6 (CH) 
4'    130.6 (C) 
5' 7.43 (1H, d, 2.0) C-6' C-1', 3' 132.1 (CH) 
6'    123.4 (C) 
7' 6.73 (1H, d, 12.1) C-4', 8' C-3', 9' 131.6 (CH) 
8' 6.61 (1H, d, 12.1) C-7' C-10', 14' 128.0 (CH) 
9'    139.2 (C) 
10' 7.01 (1H, s) C-11' C-8', 12', 14' 119.1 (CH) 
11'    155.4 (C) 
12'    130.1 (C) 
13' 7.27 (1H, s) C-14' C-9', 11', 14 133.5 (CH) 
14'    124.6 (C) 
 
 
2,10,12,14'-tetrachloroisoplagiochin C-1'-methyl ether (177) 
Compound 177 was also obtained as a yellow solid. Its molecular formula C29H20O4Cl4 
was established by high resolution mass spectrometry. The mass spectrum revealed the 
typical isotope pattern for four chlorine atoms in the [M+] peaks (m/z 572 : 573 : 574 : 
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575 : 576 : 577 : 578 : 579 = % 77 : 26 : 100 : 34 : 52 : 18 : 12 : 17). The 1H and 13C 
spectra (see Table 3-5) showed signals similar to those of compound 176. However, it 
had one methoxy group and one 1,2,4-trisubstitute benzene [δH 7.10 (1H, d, 1.9), 7.14 
(1H, d, 8.2), and 7.40 (1H, dd, 1.9, 8.2)] and two meta- protons. It indicated that one of 
the chlorines in compound 176 was replaced by a hydrogen atom in compound 177. 
Comparison of 1H NMR data of 176 to those of 177 revealed that the splitting pattern of 
H-5' changed from doublet in 176 to doublet-doublet in 177, which meant that the 
chlorine atom connected C-6' was replaced by a hydrogen atom in 177. NOE effects 
between H-6' and the methoxy group revealed the position of this methoxy group. So 
compound 177 was suggested to be 2,10,12,14'-tetrachloroisoplagiochin C-1'-methyl 
ether. HMBC correlations supported the structure and established the assignments of the 
NMR data.  
 
Table 3-5.1H (500 MHz), HMBC and 13C (125 MHz) NMR data of 177 in acetone-d6. 
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1    150.0 (C) 
2    122.7 (C) 
3 7.23 (1H, d, 1.9) C-2 C-5, 7 129.9 (CH) 
4    136.7 (C) 
5 6.51 (1H, d, 1.9)  C-1, 3, 7, 2' 133.3 (CH) 
6    130.2 (C) 
7 2.71 (1H, m) 
 2.77 (1H, m) 
C-4,  8 C-3, 5, 9 35.0 (CH2) 
8 2.92 (1H, m) 
2.69 (1H, m) 
C-9 C-4, 10, 14 37.5 (CH2) 
9    141.0 (C) 
10    124.0 (C) 
11    150.4 (C) 
12    120.4 (C) 
13 7.22 (1H, s) C-12 C-9, 11, 12' 131.1 (CH) 
14    131.6 (C) 
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1'    157.0 (C) 
2'    127.9 (C) 
3' 7.10 (1H, d, 1.9)  C-1', 6, 7' 134.2 (CH) 
4'    130.9 (C) 
5' 7.40 (1H, dd, 1.9, 8.2) C-6' C-1', 3' 132.7 (CH) 
6' 7.14 (1H, d, 8.2) C-1' C-2', 4' 112.9 (CH) 
7' 6.77 (1H, d, 12.1) C-4',  8' C-3', 5', 9' 132.4 (CH) 
8' 6.58 (1H, d, 12.1) C-9' C-4', 10', 14' 127.3 (CH) 
9'    139.4 (C) 
10' 6.98 (1H, s) C-11' C-8', 12', 14' 119.0 (CH) 
11'    155.4 (C) 
12'    130.1 (C) 
13' 7.25 (1H, s) C-14' C-9', 11', 14 133.4 (CH) 
14'    124.6 (C) 
OMe-1'   C-1' 57.1 (CH3) 
OH-1 7.51 (1H, s) C-1 C-2, 6  
OH-11' 8.72 (1H, s) C-11' C-10', 12'  
 
 
2,12,14'-trichloroisoplagiochin C-1'-methyl ether (178) 
Compound 178 was also a yellow solid. Its molecular formula C29H21O4Cl3 was 
established by high resolution mass spectrometry. The mass spectrum revealed the typical 
isotope pattern for three chlorine atoms in the [M+] peaks (m/z 538 : 539 : 540 : 541 : 
542 : 543 : 544 = % 96 : 36 : 100 : 35 : 37 : 24 : 8). The 1H and 13C spectra (see Table 3-6) 
showed signals similar to those of compound 177. It had one methoxy group and one 
1,2,4-trisubstitute benzene [δH 7.10 (1H, d, 1.9), 7.15 (1H, d, 8.2), and 7.40 (1H, dd, 1.9, 
8.2)] and two meta- protons. There were three isolated protons in 177, while in 178 there 
were four. Molecular formula indicated there were only three chlorine atoms in 178. The 
only possibility was that the chlorine atom connected to C-10 was replaced by one 
hydrogen atom. HMBC correlations from H-10 to C-8 also supported this substitution. 
Therefore compound 178 was suggested to be 2,12,14'-trichloroisoplagiochin C-1'-
methyl ether.  
 113
Table 3-6. 1H (500 MHz), HMBC and 13C (125 MHz) NMR data of 178 in acetone-d6. 
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1    149.8 (C) 
2    122.7 (C) 
3 7.18 (1H, d, 1.9)   129.9 (CH) 
4    137.1 (C) 
5 6.47 (1H, d, 1.9)  C-1, C-3, C-7, C-2' 133.3 (CH) 
6    131.0 (C) 
7 2.63 (1H, m) 
2.78 (1H, m) 
C-4 C-3, 5, 9 38.1 (CH2) 
8 2.92 (1H, m) 
2.50 (1H, m) 
C-9 C-4, 10 38.9 (CH2) 
9    143.6 (C) 
10 7.03 (1H, s) C-11 C-8 118.5 (CH) 
11    152.9 (C) 
12    122.7 (C) 
13 7.18 (1H, s)  C-9, 11, 12' 129.7 (CH) 
14    132.2 (C) 
1'    156.8 (C) 
2'    127.9 (C) 
3' 7.10 (1H, d, 1.9)   134.4 (CH) 
4'    131.0 (C) 
5' 7.40 (1H, dd, 1.9, 8.2)   132.6 (C) 
6' 7.15 (1H, d, 8.2) C-1' C-2', 4' 112.9 (CH) 
7' 6.77 (1H, d, 12.1) C-8' C-3', 5', 9' 132.3 (CH) 
8' 6.58 (1H, d, 12.1)  C-4', 10', 14' 127.6 (CH) 
9'    139.0 (C) 
10' 6.94 (1H, s) C-11' C-8', 12' 118.9 (CH) 
11'    155.6 (C) 
12'    130.6 (C) 
13' 7.21 (1H, s) C-12', 
14' 
C-9' 133.6 (CH) 
14'    124.5 (C) 
OMe-1'   C-1' 57.2 (CH3) 
OH-1 7.48 (1H, s) C-1 C-2, 6  









Lepidozia chordulifera was from Germany. Voucher specimens (GXW-019) are 
deposited in Raffles Museum of Biodiversity Research National University of Singapore 
(SINU). 
 
Extraction and isolation 
The species was purified by hand to remove foreign plant material, after which they were 
air-dried and ground. This Lepidozia chordulifera species (200 g) was extracted with cold 
ethyl acetate to give a crude extract (2.1 g) after solvent removal. CC of the extract (silica 
gel, n-hexane : EtOAc step gradient) gave eight fractions. Further GPC and HPLC (Diol, 
EtOAc : n-hexane = 45 : 55) purification of the fourth fraction which produced 
compound 178 (1.5 mg) and a mixture of compound 176 and 177. Further HPLC (Diol, 
EtOAc : n-hexane = 25 : 75) purification of this mixture produced compound 176 (1.0 
mg) and 177 (0.9 mg). 
 
2,10,12,6',14'-pentachloroisoplagiochin C (176) 
Yellow solid, C28H17O4Cl5, [α]D -8.0 (MeOH, c 0.15); UV: λmaxmethanol nm: 215 (4.50), 
292.0 (3.91); EI-MS 70 eV, m/z (rel. int.): [M+] 592 : 593 : 594 : 595 : 596 : 597 (60 : 38 : 
100 : 36 : 64 : 22 : 25); HREI-MS: m/z [M+]: 591.9566 (C28H17O4Cl5, Cal : 591.9569); 1H 




2,10,12,14'-tetrachloroisoplagiochin C-1'-methyl ether (177) 
Yellow solid, C29H20O4Cl4, [α]D -52.2 (MeOH, c 0.09); UV: λmaxmethanol nm: 223 (4.51), 
290.0 (3.93); EI-MS 70 eV, m/z (rel. int.): [M+] 572 : 573 : 574 : 575 : 576 : 577 : 578 : 
579 (77 : 26 : 100 : 34 : 52 : 18 : 12 : 17); HREI-MS: m/z [M+]: 572.0094 (C29H20O4Cl4, 
Cal : 572.0119); 1H and 13C NMR data: (see Table 3-5). 
 
2,12,14'-trichloroisoplagiochin C-1'-methyl ether (178) 
Yellow solid, C29H21O4Cl3, [α]D -44.0 (MeOH, c 0.1); UV: λmaxmethanol nm: 213 (4.47), 
295.8 (3.87); EI-MS 70 eV, m/z (rel. int.): [M+] 538 : 539 : 540 : 541 : 542 : 543 : 544  
(96 : 36 : 100 : 35 : 37 : 24 : 8); HREI-MS: m/z [M+]: 538.0495 (C29H21O4Cl3, Cal : 














3.1.4 Ptychanthus striatus (Lehm. & Lindenb.) Nees. 
3.1.4.1 Introduction 
Ptychanthus striatus contained highly oxygenated labdane-type diterpenoid ptychantins 



































183 184 185 186 R1=R2=H
187 R1=H, R2=OH
188 R1=OH, R2=H  
3.1.4.2 Results and discussion 
(3R*, 15R*)-ent-15,16-epoxy-1(10)-rosen-3-ol (189) 
Compound 189, C20H32O2, had typical terpenoids 1H NMR signals of four methyl groups 
[δH 1.00 (3H, s), 0.89 (3H, s), 0.87 (3H, s), and 0.65 (3H, s)]. The twenty signals in 13C 
NMR spectrum indicated that it was a diterpenoid with four methyl groups, seven 
methylenes, five methines, and four quaternary carbons. Comparison of the 1H, 13C NMR, 
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and specific optical rotation data of compound 189 with those in the literature [149] 
revealed that this diterpenoid was (3R*, 15R*)-ent-15,16-epoxy-1(10)-rosen-3-ol. This 









189 190  
(3R*, 15R*)-ent-1(10)-rosen-3,15,16-triol (190) 
Compound 190, C20H34O3, had the similar 1H and 13C NMR data with those of compound 
188. Compound 190 also had four methyl groups, seven methylenes, five methines, and 
four quaternary carbons. The difference was that the methylene at 43.4 ppm in 13C NMR 
spectrum of 189 was replaced by a methylene at 82.2 ppm in 13C NMR spectrum of 190. 
In 1H NMR spectrum, the three protons [δH 2.70 (1H, t, 3.5), 2.13 (1H, dddd, 13.4, 6.5, 
4.2, 2.3), and 2.63 (1H, m)] of compound 189 were absent. Some new signals were 
present from 3.20 ppm to 3.60 ppm. After exchanging with D2O, those signals appeared 
to be a doublet-doublet at 3.63 ppm with coupling constants 2.8 Hz and 11.1 Hz, a 
doublet-doublet at 3.18 ppm with coupling constants 2.8 Hz and 9.3 Hz, and a multiplet 
at 3.36 ppm. All these information indicated the epoxy group in 189 was hydrolyzed into 
two hydroxy groups in 190. Compound 190 was (3R*, 15R*)-ent-15,16- dihydroxy-
1(10)-rosen-3-ol. HREI-MS m/z 322.2509 corresponded to molecular formula C20H34O3, 
which also supported this structure. 
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Compound 191 
Compound 191, C22H34O7, had typical terpenoid 1H NMR signals (see Table 3-7) of five 
methyl groups [δH 2.05 (3H, s), 1.39 (3H, s), 1.08 (3H, s), 0.98 (3H, s), 0.96 (3H, s)]. In 
the 13C NMR spectrum, there were twenty-two signals, corresponding to five methyl 
groups, five methylenes, six methines, and six quaternary carbons. There were two ester 
groups [δC 171.0 and 173.6] and one was acetyl because of the characteristic methyl 
group [δH 2.05 (3H, s) and δC 22.2]. There was one trisubstituted olefin [δH 5.85 (1H, 
quint, 1.9) and δC 115.8, 146.0]. The degree of unsaturation degree was six, which meant 
this diterpenoid had a tricyclic structure. HMBC correlation from H-3 to C-21 indicated 
that the acetyl group was connected to the oxygenated carbon C-3 [δC 78.9]. Correlations 
from Me-19 to C-1, C-2, C-9 and from H-2 to C-1, C-3, C-4, C-9, C-19 gave the 
substructure unit 1. A hydroxy group was connected at C-2 because of the correlations 
from 2-OH to C-2. Correlations from H-17 to C-4, C-16, C-18 and H-18 to C-4, C-16, C-
17 led to the oxygenated isopropyl group, which was connected to C-4. As C-4 was a 
quaternary carbon, there were still two connecting positions left. Correlations from H-8 
and H-5 to C-4 established these two connections. Correlations from H-8 to C-1, C-4, C-
7, C-9, and C-10 gave the substructure unit 2. Correlations from H-6 to C-5 and C-7 
formed the five-member ring. Combination of substructure unit 1 and 2 led to 
substructure unit 3. Up to now, there were five carbons left including one tri-substituted 
olefin, one ester group, and two methylenes. And there was also a ring in the left part of 
structure. Correlations from H-11 to C-10, C-13, and C-15 gave the substructure unit 4. 
The last oxygenated methylene connected oxygen atom with C-13 to form a α,β-
unsaturated lactone. Subtructure unit 4 and 3 shared the same methylene carbon C-10. 
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The gross structure of compound 191 was finally established. The relative 
stereochemistry of 191 was established with coupling constants and NOE effects of the 
related protons (see Figure 3-6). The coupling constant (5.1 Hz) of H-1 and NOE effects 
between H-1 and H-11 indicated that H-1 was equatorial and Me-20 was axial. NOE 
effects between Me-18/Me-17 and Me-20 indicated the oxygenated isopropyl group was 
axial. H-8 was also at equatorial position because of NOE effects between H-8 and Me-
19. NOE effects between H-6 and Me-17/Me-18 revealed its position. This diterpenoid 
had a novel carbon skeleton and the proposed biogenesis was indicated in Scheme 3-1.  
 
Table 3-7.1H (500 MHz), HMBC and 13C (125 MHz) NMR data of 191 in CDCl3 
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1 1.87 (1H, dq, 5.1, 7.4) C-2, 9, 19 C-8, 10, 20 35.9 (CH)
2 3.80 (1H, m) C-1, 3 C-4, 9, 19 74.5 (CH)
3 4.88 (1H, d, 2.8) C-2, 4 C-1, 16, 21 78.9 (CH)
4    41.7 (C) 
5 2.00 (1H, q, 2.3) 
1.78 (1H, m) 
C-4  29.6 (CH2)
6 2.94 (1H, br s) C-5, 7  63.3 (CH)
7 1.31 (1H, m) C-6, 8 C-4, 5 15.9 (CH2)
8 1.67 (1H, dd, 6.5, 8.8) C-4, 7, 9 C-1, 3, 5, 16, 20 42.8 (CH)
9    39.9 (C) 
10 1.62 (1H, dd, 4.6, 17.1) 
1.65 (1H, dd, 5.6, 12.0) 
C-9, 11 C-1, 8, 20 38.2 (CH2)
11 2.32 (1H, ddd, 5.6, 12.0, 
17.1) 
2.45 (1H, ddd, 4.6, 12.0, 
17.1) 
C-10 C-13, 15 23.6 (CH2)
12    146.0 (C) 
13 5.85 (1H, quint, 1.9)   115.8 (CH)
14 4.85 (2H, br s) C-13 C-15 74.4 (CH2)
15    173.6 (C) 
16    66.0 (C) 
17 1.39 (3H, s) C-16 C-4, 18 16.2 (CH3)
18 1.08 (3H, s) C-16 C-4 20.2 (CH3)
19 0.98 (3H, s) C-1 C-2, 9 12.8 (CH3)
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20 0.96 (3H,s) C-9 C-1, 8, 10 21.2 (CH3)
21    171.0 (C) 
22 2.05 (3H, s) C-21  22.2 (CH3)








































































substructure 2 substructure 3 substructure 4
Figure 3-8 Selective NOE 







Ptychanthus striatus was collected at Bekok in Malaysia in October 2004. Voucher 
specimens (GXW-020) are deposited in Raffles Museum of Biodiversity Research 
National University of Singapore (SINU). 
 
Extraction and isolation 
The species was purified by hand to remove foreign plant material, after which they were 
air-dried and ground. This species (12 g) was extracted with cold diethyl ether to give a 
crude extract (1.2 g) after solvent removal. CC of the extract (silica gel, hexane - EtOAc 
step gradient) gave eight fractions. Further GPC and CC (silica gel, EtOAc : hexane = 
1.5 : 8.5) purification of the fraction which eluted with 20% EtOAc hexane produced 
compound 189 (65 mg). Further GPC and CC (silica gel, EtOAc : hexane = 3.5 : 6.5) 
purification of the fraction which eluted with 50% EtOAc hexane produced compounds 
190 (3.2 mg) and 191 (1.5 mg).  
  
(3R*, 15R*)-ent-15,16-epoxy-1(10)-rosen-3-ol (189) 
Colourless gum, C20H32O2, [α]D -15 (CH2Cl2, c 1.8); EI-MS 70 eV, m/z (rel. int.): 304.0 
(9), 286.0 (37), 271.0 (56), 232.0 (18), 201.0 (18), 84.0 (100), 126.1 (86), 49.0 (91); 
HREI-MS: m/z [M+]: 304.2395 (C20H32O2, Cal : 304.2394); 1H NMR (500 MHz; in 
CDCl3): 5.37 (1H, dt, 5.1, 2.3), 3.48 (1H, dd, 10.6, 6.0), 2.68 (1H, t, 3.5), 2.63 (2H, m), 
2.27 (1H, ddt, 17.1, 5.6, 2.3), 2.13 (1H, dddd, 13.4, 6.5, 4.2, 2.3), 1.90 (1H, dddd, 17.1, 
10.7, 4.2, 2.4), 1.70 (3H, m), 1.57 (1H, m), 1.43 (2H, m), 1.33 (1H, m), 1.25 (2H, m), 
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1.11 (1H, m), 1.06 (1H, ddd, 13.4, 3.7, 2.6), 1.00 (3H, s), 0.89 (3H, s), 0.87 (3H, s), and 
0.65 (3H, s); 13C (125 MHz, in CDCl3): 149.2 (C), 115.9 (CH), 75.5 (CH), 61.5 (CH), 
44.1 (CH), 43.8 (CH2), 37.7 (CH2), 37.6 (C), 35.2 (CH2), 33.8 (C), 32.2 (CH2), 31.5 (CH), 
28.6 (CH2), 26.2 (CH2), 24.3 (CH2), 21.2 (CH3), 19.9 (CH3), 19.0 (CH2), 13.3 (CH3). 
 
(3R*, 15R*)-ent-1(10)-rosen-3,15,16-triol (190) 
Colourless gum, C20H34O3, [α]D -3.0 (CH2Cl2, c 0.2); EI-MS 70 eV, m/z (rel. int.): 322.2 
(10), 304.2 (67), 289.1 (100), 271.1 (50), 243.2 (52), 201.1 (28), 189.1 (70), 173.1 (40), 
133.1 (45), 105.1 (53), 95.1 (42), 55.0 (20), 43.0 (20); HREI-MS: m/z [M+]: 322.2509 
(C20H34O3, Cal : 322.2508); 1H NMR (500 MHz; in acetone-d6 solvent add D2O): 5.37 
(1H, dt, 4.6, 2.7), 3.48 (1H, dd, 9.2, 5.0), 3.63 (1H, dd, 2.8, 11.1), 3.36 (2H, m), 3.19 (1H, 
dd, 2.8, 9.3), 2.19 (1H, ddt, 17.1, 5.6, 2.3), 2.14 (1H, dddd, 13.4, 6.5, 4.2, 2.3), 1.90 (1H, 
dddd, 17.1, 10.7, 4.2, 2.4), 1.70 (3H, m), 1.57 (1H, m), 1.30 (5H, m), 0.99 (1H, ddd, 13.4, 
3.7, 2.6), 1.01 (3H, s), 0.92 (3H, s), 0.87 (3H, s), and 0.66 (3H, s); 13C (125 MHz, in 
acetone-d6): 150.4 (C), 117.2 (CH), 82.2 (CH), 75.2 (CH), 63.6 (CH2), 45.3 (CH), 38.7 
(CH2), 38.5 (C), 38.3 (C), 38.0 (C), 36.7 (CH2), 33.7 (CH2), 32.7 (CH), 30.9 (CH2), 27.6 
(CH2), 25.3 (CH3), 21.8 (CH3), 20.2 (CH2), 19.6 (CH3), 14.1 (CH3).  
 
Compound 191 
Colourless gum, C22H34O7, [α]D -5.71 (CH2Cl2, c 0.07); EI-MS 70 eV, m/z (rel. int.): 
391.0 (5), 377.1 (35), 317.1 (90), 299.1 (15), 261.1 (45), 222.1 (45), 203.1 (90), 1619.1 
(54), 149.1 (98), 111.1 (75), 69.1 (35), 43.0 (100); HREI-MS: m/z [M+ - H3O+]: 391.2061 
(C22H31O6, Cal: 391.2121); 1H and 13C NMR data: (see Table 3-7). 
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3.1.5 Blepharostoma trichophyllum (L.) Dumort. 
3.1.5.1 Introduction 
Liverwort species Blepharostoma trichophyllum often grows with other bryophytes in a 
small population. It is difficult to obtain enough plant materials to study its chemistry. 
Only five C-glycosyflavones were isolated from this species in 1982 [150]. The in vivo 
cultured plant materials made it possible to study the chemistry in detail. One 
sesquiterpenoid (192) and five diterpenoids (193-197) had been isolated from the other 















194 R1=H, ß-OH, R2=H
195 R1=H2, R2=OH




3.1.5.2 Results and discussion 
From the more polar fractions of B. trichophyllum, terpenoids and bisbibenzyls were 
isolated and their structures were elucidated.  
 
Ent-labda-13(16),14-diene-1β,8α,9β-triol (196) 
Compound 196, colourless gum, had typical terpenoid 1H NMR signals of four methyl 
groups [δH 1.21 (3H, s), 1.06 (3H, s), 0.96 (1H, s), and 0.88 (3H, s)]. It also contained a 
mono-substituted olefin [δH 6.40 (1H, dd, 11.7, 17.7), 5.33 (1H, d, 17.7), 5.07 (1H, d, 
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11.7)] and a di-substituted olefin [δH 5.06 (1H, br s), 5.02 (1H, br s)]. Comparison of its 
NMR data with the compound isolated from less polar fractions [151] revealed that this 
was Ent-labda-13(16),14-diene-1β,8α,9β-triol.  
 
Ent-labda-13(14)-ene-1β,8α, 9β,15,16-pentaol (198) 
Compound 198, colourless gum, was also a terpenoid which had the similar NMR data to 
those of compound 196. Comparison its NMR data with that of compound 196 showed 
that the chemical shifts of most carbons kept unchanged. However, compound 198 had 
two more oxygenated methylenes [δH 4.57 (2H, br s), 4.52 (2H, br s) and δC 72.8, 70.1] 
and only one mono-substituted olefin [δH 5.70 (1H, s) and δC 116.5, 136.8]. And the 
chemical shift of C-12 was slightly changed from 27.1ppm to 28.1ppm.  This suggested 
that instead of diene, there was an isolated double bond and two oxygenated methylenes 
in 198. HMBC correlations from H-15 to C-13, C-14 and from H-16 to C-13, C-14 also 








Figure 3-9 Selective HMBC correlations of 198  
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Isoplagiochin E (199) 
Compound 199 was isolated as brown film. The 1H and 13C spectra showed signals for 
four benzylic methylene groups [δH 2.68 (4H, s), 2.93 (2H, m), 3.03 (2H, m) and δC 35.5, 
36.7, 37.8, 39.0], three 1,2,4-trisubstituted benzene rings [δH 7.00 (1H, dd, 1.9, 8.2), 6.99 
(1H, dd, 2.5, 8.2), 6.77 (1H, dd, 2.5, 8.2), 6.88 (1H, d, 8.2), 6.95 (1H, d, 8.2), 6.77 (1H, d, 
8.2), 6.57 (1H, d, 1.9), 6.65 (1H, d, 2.5)] and one 1,3-disubstituted benzene ring [δH 7.11 
(1H, t, 8.2), 7.08 (1H, t, 1.9), 6.73 (1H, br d, 7.6), 6.35 (1H, dd, 2.5, 8.2)]. EI-MS result 
m/z 424.2 corresponded to the molecular formula C28H24O4. Comparison its NMR data 
with those in literature revealed that compound 199 was isoplagiochin E [145].   
 
Compound 200 
One of the fractions was seriously adsorbed by silica gel and only eluted out with 100% 
acetone. Reverse phase HPLC (C18, methanol : water = 70 : 30) showed a broad and 
tailing peak. Methylation with iodomethane improved the chromatography behaviour. 
HPLC (Diol, EtOAc : n-hexane = 2.5 : 7.5) of this methylated product offered three 
compounds 200, 201, and 202. Compound 200, C32H28O6, had typical bisbibenzyl 1H 
NMR signals (see Table 3-8) of two benzylic methylenes [δH 2.70 (4H, m) and δC 32.2, 
36.3], one olefin [δH 6.60 (1H, d, 12.6) and 6.53 (1H, d 12.6)], and four benzene rings 
including two 1,2,4-trisubstituted rings [δH 7.69 (1H, d 2.0), 6.90 (1H, br s), 7.27 (1H, dd 
2.0, 8.0), 7.02 (1H, dd 1.9, 8.2), and 6.98 (1H, d 8.0), 6.84 (1H, d 8.2)], one 1,3-
disustituted ring [δH 7.54 (1H, br s), 6.35 (1H, dd 2.5, 7.6), 7.13 (1H, t 7.6), and 6.79 (1H, 
br d 7.6)], and one tetra-substituted ring [δH 6.86 (1H, d, 8.8), and 7.15 (1H, d, 8.8)]. 
There were three methoxy groups [δH 3.87 (3H, s), 3.95 (3H, s), and 4.01 (3H, s)]. The 
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13C NMR signal at 168.0 ppm indicated an ester group in this compound. HMBC 
correlation from one of the methoxy groups [δH 4.01 (3H, s)] to this carbonyl carbon [δC 
168.0] revealed that this was a methyl ester. The two cis-olefinic protons could be proved 
by the NOE effects between these two protons. Compound 200 was suggested to have an 
isoplagiochin A skeleton. HMBC correlation from H-8 to C-10 established the position of 
the ester group. And the correlations from two methoxy groups to C-11 and C-1' 
respectively gave the positions of these two methoxy groups. Correlations from H-7 to C-
3, C-4, and from H-8 to C-9, C-10, C-14 gave the structure of one of the bibenzyl units. 
Correlations from H-7' to C-3', C-5' and from H-8' to C-9', C-10', C-14' established the 











200: R1=R3=CH3, R2=H, R4=CH3
201: R1=H, R2=R3=CH3, R4=CH3



























Figure 3- 10 Selective HMBC correlations of 200 Figure 3- 11 Selective NOE effects of 200  
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Table 3-8.1H (500 MHz), HMBC and 13C (125 MHz) NMR data of 200 in CDCl3 
 (J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1    152.1 (C) 
2 6.84 (1H, d, 8.2) C-1, 3 C-4, 6 117.3 (CH) 
3 7.02 (1H, dd, 1.9, 8.2) C-2 C-5, 7 128.6 (CH) 
4    135.0 (C) 
5 6.90 (1H, br s)   127.3  (CH) 
6    133.5 (C) 
7 2.70 (2H, m) C-8 C-3, 4, 9 36.3 (CH2) 
8 2.70 (2H, m) C-7, 9 C-10, 14 32.3 (CH2) 
9    124.9 (C) 
10    135.2 (C) 
11    153.7 (C) 
12 6.86 (1H, d, 8.8) C-11, 13 C-14 110.3 (CH) 
13 7.15 (1H, d, 8.8) C-14 C-9 124.8 (CH) 
14    145.5 (C) 
15    168.0 (C) 
1'    154.3 (C) 
2'    126.8 (C) 
3' 7.69 (1H, d, 2.0) C-2' C-1', 5', 7' 132.5 (CH) 
4'    130.5 (C) 
5' 7.27 (1H, dd, 2.0, 8.0)  C-3', 7' 131.2 (CH) 
6' 6.98 (1H, d, 8.0) C-1' C-2', 4' 111.2 (CH) 
7' 6.53 (1H, d, 12.6)  C-3', 5' 129.4 (CH) 
8' 6.60 (1H, d, 12.6) C-7', 9' C-10', 14' 128.6 (CH) 
9'    140.1 (C) 
10' 7.54 (1H, br s) C-11' C-8', 12', 14' 116.0 (CH) 
11'    159.0 (C) 
12' 6.35 (1H, dd, 2.5, 7.6) C-11' C-10', 14' 111.2 (CH) 
13' 7.13 (1H, t, 7.6) C-12' C-9' 129.9 (CH) 
14' 6.79 (1H, br d, 7.6)  C-8', 10', 12' 122.9 (CH) 
-OOCH3 4.01 (3H, s)  C-15 52.4 (CH3) 
OCH3-10 3.87 (3H, s)  C-11 56.3 (CH3) 








Compound 201, C32H28O6, had the same molecular formula as 200 and also similar NMR 
signals of two benzylic methylenes [δH 2.72 (4H, m) and δC 32.2, 36.3], one olefin [δH 
6.53 (1H, d, 12.6) and 6.51 (1H, d 12.6)], and four benzene rings including two 1,2,4-
trisubstituted rings [δH 7.63 (1H, d 2.0), 7.05 (1H, br s), 7.20 (1H, dd 2.0, 8.0), 7.01 (1H, 
dd 1.9, 8.2), and 6.97 (1H, d 8.0), 6.86 (1H, d 8.2)], one 1,3-disustituted ring [δH 7.59 (1H, 
br s), 6.34 (1H, dd 2.5, 7.6), 7.13 (1H, t 7.6), and 6.81 (1H, br d 7.6)], and one tetra-
substituted ring [δH 6.87 (1H, d, 8.8), and 7.16 (1H, d, 8.8)]. There were three methoxy 
groups [δH 3.87 (3H, s), 3.88 (3H, s), and 4.00 (3H, s)]. The 13C NMR signal at 168.0 
ppm indicated an ester group in this compound. NOE enhancements of H-2 and H-13 on 
the irradiation of two methoxy groups [δH 3.87 (3H, s), 3.88 (3H, s)] respectively gave 




Compound 202, C33H30O6, also had similar NMR signals to those of 200.  It contained 
two benzylic methylenes [δH 2.54 (2H, m), 2.77 (2H, m) and δC 32.4, 36.5], one olefin 
[δH 6.45 (1H, d, 12.6) and 6.51 (1H, d 12.6)], and four benzene rings including two 1,2,4-
trisubstituted rings [δH 7.70 (1H, d 2.0), 7.18 (1H, br s), 7.21 (1H, dd 2.0, 8.0), 7.05 (1H, 
dd 1.9, 8.2), and 6.89(1H, d 8.0), 6.76 (1H, d 8.2)], one 1,3-disustituted ring [δH 7.66 (1H, 
br s), 6.23 (1H, dd 2.5, 7.6), 7.08 (1H, t 7.6), and 6.79 (1H, br d 7.6)], and one tetra-
substituted ring [δH 6.84 (1H, d, 8.8), and 7.12 (1H, d, 8.8)]. There were four methoxy 
groups [δH 3.76 (3H, s), 3.81 (3H, s), 3.86 (3H, s), and 4.00 (3H, s)], which meant 
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compound 202 was a fully methylated product. Compound 202 was also a partially 
methylated product of blepharonin A.  
 
Blepharonin A (203) 
The methylated products (200-202) indicated that the original compounds had a 
carboxylic acid group and three hydroxy groups. HPLC of this fraction with acidified 
mobile phase produced compounds 203 and 204. Compound 203 had the similar NMR 
signals to those of compounds 200-202 except that there were no methoxy groups. It also 
contained two benzylic methylenes [δH 2.78 (2H, m), 3.16 (2H, m) and δC 34.4, 37.7], 
one olefin [δH 6.59 (1H, d, 12.6) and 6.62 (1H, d 12.6)], and four benzene rings including 
two 1,2,4-trisubstituted rings [δH 7.62 (1H, d 2.0), 6.90 (1H, br s), 7.23 (1H, dd 2.0, 8.0), 
7.02(1H, dd 1.9, 8.2), and 6.82(1H, d 8.0), 6.97 (1H, d 8.2)], one 1,3-disustituted ring [δH 
7.52 (1H, br s), 6.38 (1H, dd 2.5, 7.6), 7.23 (1H, t 7.6), and 6.98 (1H, br d 7.6)], and one 
tetra-substituted ring [δH 6.85 (1H, d, 8.8), and 7.31 (1H, d, 8.8)]. Therefore compound 
203 was the original acid which had the isoplagiochin A skeleton. It was named as 
blepharonin A. In the biosynthesis of bisbibenzyl, the two bibenzyl units usually carry 
out decarboxylation before the last step of oxidizing coupling. Because of the electron-
withdrawing effect of carboxylic group, the decarboxylation can favor the oxidizing 
coupling with the free radical mechanism. Therefore the final products bisbibenzyls 
always do not contain carboxylic group. Blepharonin A was the first bisbibenzyl acid 
isolated from plant.  
 
Blepharonin B (204) 
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Compound 204 was isolated with 203 from the same fraction. It also had similar NMR 
signals of four benzene rings including two 1,2,4-trisubstituted rings [δH 6.55 (1H, d 2.0), 
6.73 (1H, br s), 7.14 (1H, dd 2.0, 8.0), 7.00(1H, br d 8.2), and 6.87(1H, d 8.0), 6.90 (1H, 
d 8.2)], one 1,3-disustituted ring [δH 7.08 (1H, br s), 6.36 (1H, br d 7.6), 7.18 (1H, t 7.6), 
and 6.82 (1H, br d 7.6)], and one tetra-substituted ring [δH 6.00 (1H, d, 8.8), and 7.26 (1H, 
d, 8.8)]. There were four benzylic methylenes [δH 3.20 (2H, s), 3.04 (2H, s), 2.95 (2H, s), 
2.77 (2H, s) and δC 34.3, 37.0, 37.6, 39.0] and the olefin was absent. Compound 204 was 




Cultures of B. trichophyllum were obtained from the Collection of Autotropic Organisms, 
Department of Hydrobotany, Institute of Botany, Czechoslovakian Academy of Sciences, 
Trebon, Czech Republic. Extraction was made in Germany.  
 
Extraction and isolation 
The extraction process can be found in literature [151]. GPC and CC (Silica gel, EtOAc : 
hexane = 3 : 7) of fraction 3.3 produced compound 196 (15 mg) and a fraction 3.3.3 
containing compound 198. HPLC (Diol EtOAc : n-hexane = 4 : 6) of fraction 3.3.3 
yielded compound 198 (1.8 mg). CC (Silica gel, EtOAc : n-hexane, the step gradient, 
100% acetone as the last fraction) and of fraction 3.4 gave a series of fractions. GPC of 
fraction 3.4.2 gave compound 199 (96 mg). HPLC (C18, methanol : water = 8 : 2 with 
0.2% TFA) of fraction 3.4.7, which was the elution of 100% acetone, gave compound 
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203 (12.5 mg) and 204 (4.7 mg). Treatment of part of fraction 3.4.7 (28 mg) with 
iodomethane gave the mixture of methylated products (24 mg). HPLC (Diol, EtOAc : n-
hexane =2.5 : 7.5) of this methylated products yielded compound 200 (2.9 mg), 201 (2.4 
mg) , and 202 (1 mg).  
 
Ent-labda-13(16),14-diene-1β,8α,9β-triol (196) 
Compound 196, colourless gum, EI-MS 70 eV, m/z (rel. int.): 322 (1), 195 (20), 177 
(100), 136 (45), 121 (64), 109 (43), 95 (58), 81 (81), 69 (45), 55 (40). 1H NMR (500 
MHz; in CDCl3): 6.40 (1H, dd, 11.7, 17.7), 5.33 (1H, d, 17.7), 5.07 (1H, d, 11.7) 5.06 
(1H, br s), 5.02 (1H, br s), 4.06 (1H, br s), 2.45 (1H, dt, 5.7, 14.5), 2.41 (1H, dt, 5.7, 14.5), 
2.09 (1H, ddt, 2.0, 4.0, 15.0), 2.07 (1H, m), 2.05 (1H, m), 1.99 (1H, ddd, 15.0, 12.0, 6.0), 
1.87 (1H, ddd, 15.0, 11.0, 6.0), 1.65 (1H, dt, 3.9, 14.5), 1.60 (1H, dt, 3.9, 13.2), 1.48 (1H, 
ddt, 13.2, 5.1, 2.5), 1.42 (1H, dt, 3.0, 13.5), 1.39 (1H, dq, 3.5, 15.0), 1.21 (3H, s), 1.06 
(3H, s), 0.96 (1H, s), 0.88 (3H, s). 
 
Ent-labda-13(14)-ene-1β,8α, 9β,15,16-pentaol (198) 
Colourless gum, C20H36O5, [α]D20 = -3.8 (CH2Cl2, c 0.08); 1H NMR (500 MHz; in CDCl3 
solvent): 5.70 (1H, br s), 4.57 (2H, br s), 4.52 (2H, b rs), 4.05 (1H, br s), 2.21 (2H, t, 9.5), 
2.14 (1H, ddt, 2.0, 4.0, 15.0), 2.04 (2H, m), 1.81 (1H, dt, 15.6, 9.5), 1.59 (4H, m), 1.39 
(1H, ddt, 13.2, 5.1, 2.5), 1.18 (1H, dt, 3.0, 13.5), 1.17 (3H, s), 1.07 (3H, s), 0.96 (3H, s), 
0.88 (3H, s); 13C (125 MHz, in CDCl3): 136.8 (C), 116.5 (CH), 79.1 (C), 77.2 (CH), 74.5 
(CH), 72.8 (CH2), 70.1 (CH2), 45.3 (C), 40.6 (CH), 37.5 (CH), 33.9 (CH2), 33.4 (CH), 
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33.1 (C), 29.0 (CH2), 27.3 (CH2), 27.1 (CH2), 27.1 (CH2), 21.7 (CH3), 18.2 (CH2), 17.1 
(CH3). 
 
Isoplagiochin E (199) 
Yellowish film, C28H24O4, EI-MS 70 eV, m/z (rel. int.): 424.2 (90), 406.2 (18), 309.2 (10), 
245.1 (12), 211.1 (100), 165.1 (8), 42.0 (38); 1H NMR (500 MHz; in acetone-d6): 7.11 
(1H, t, 8.2), 7.08 (1H, t, 1.9), 7.00 (1H, dd, 1.9, 8.2), 6.99 (1H, dd, 2.5, 8.2), 6.95 (1H, d, 
8.2), 6.88 (1H, d, 8.2), 6.77 (1H, dd, 2.5, 8.2), 6.77 (1H, d, 8.2), 6.73 (1H, br d, 7.6), 6.65 
(1H, d, 2.5), 6.57 (1H, d, 1.9), 6.35 (1H, dd, 2.5, 8.2), 3.03 (2H, m), 2.93 (2H, m), 2.68 
(4H, s); 13C (125 MHz, in acetone-d6): 161.3 (C), 156.6 (C), 154.5 (C), 154.4 (C), 145.9 
(C), 145.7 (C), 138.4 (C), 135.4 (C), 134.4 (CH), 134.2 (CH), 134.0 (C), 131.0 (CH), 
130.3 (CH), 129.3 (C), 129.2 (CH), 127.9 (C), 125.0 (CH), 123.9 (CH), 119.0 (CH), 
118.4 (CH), 118.3 (CH), 117.7 (CH), 115.8 (CH), 111.4 (CH), 39.0 (CH2), 37.8 (CH2), 
36.7 (CH2), 35.5 (CH2). 
 
Compound 200 
Grey solid, C32H28O6, [α]D -0.7 (CH3OH, c 0.1); UV: λmaxmethanol nm: 231.5 (4.48), 290.0 
(4.19); EI-MS 70 eV, m/z (rel. int.): 507.9 (100), 476.9 (12), 446.8 (15), 238.0 (20), 39.9 
(16); HREI-MS: m/z [M+]: 508.1892 (C32H28O6, Cal : 508.1886) ; 1H and 13C NMR 






Grey solid, C32H28O6, [α]D -13.0 (CH3OH, c 0.1); UV: λmaxmethanol nm: 239.5 (4.46), 290.0 
(4.30); EI-MS 70 eV, m/z (rel. int.): 508.0 (100), 476.9 (88), 446.2 (30), 225.0 (45), 211.0 
(18), 39.9 (12); HREI-MS: m/z [M+]: 508.1892 (C32H28O6, Cal : 508.1886); 1H NMR 
(500 MHz; in CDCl3): 7.69 (1H, d 2.0), 7.54 (1H, br s), 7.27 (1H, dd 2.0, 8.0), 7.15 (1H, 
d, 8.8), 7.13 (1H, t 7.6), 7.02 (1H, dd 1.9, 8.2), 6.98 (1H, d 8.0), 6.90 (1H, br s), 6.86 (1H, 
d, 8.8), 6.84 (1H, d 8.2), 6.79 (1H, br d 7.6), 6.60 (1H, d, 12.6), 6.53 (1H, d 12.6), 6.35 
(1H, dd 2.5, 7.6), 4.01 (3H, s), 3.95 (3H, s), 3.87 (3H, s), 2.70 (4H, m); 13C (125 MHz, in 
CDCl3): 168.0 (C), 158.9 (C), 153.7 (C), 153.6 (C), 152.1 (C), 145.6 (C), 140.5 (C), 
136.9 (C), 134.8 (CH), 131.8 (CH), 131.1 (CH), 130.0 (CH), 129.8 (CH), 129.1 (C), 
128.2 (CH), 127.4 (CH), 126.1 (C), 124.9 (CH), 123.0 (CH), 122.6 (C), 117.9 (CH), 
116.1 (CH), 111.3 (CH), 110.9 (CH), 110.3 (CH), 56.6 (CH3), 56.3 (CH3), 52.4 (CH3), 
36.3 (CH2), 32.2 (CH2).  
 
Compound 202 
Grey solid, C33H30O6, [α]D -14.2 (CH3OH, c 0.1); UV: λmaxmethanol nm: 231.5 (4.48), 291.0 
(4.17); EI-MS 70 eV, m/z (rel. int.): 522.0 (100), 475.0 (10), 245.0 (25), 44.0 (5); HREI-
MS: m/z [M+]: 522.2036 (C32H28O6, Cal : 522.2042); 1H NMR (500 MHz; in CDCl3 
solvent): 7.70 (1H, d 2.0), 7.66 (1H, br s), 7.21 (1H, dd 2.0, 8.0), 7.18 (1H, br s), 7.12 
(1H, d, 8.8), 7.08 (1H, t 7.6), 7.05 (1H, dd 1.9, 8.2), 6.89(1H, d 8.0), 6.84 (1H, d, 8.8), 
6.79 (1H, br d 7.6), 6.76 (1H, d 8.2), 6.51 (1H, d 12.6), 6.45 (1H, d, 12.6), 6.23 (1H, dd 
2.5, 7.6), 4.00 (3H, s), 3.86 (3H, s), 3.81 (3H, s), 3.76 (3H, s), 2.77 (2H, m), 2.54 (2H, m); 
13C (125 MHz, in CDCl3): 168.1 (C), 158.6 (C), 156.7 (C), 155.5 (C), 153.5 (C), 145.6 
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(C), 139.8 (C), 135.5 (C), 135.2 (C), 134.1 (CH), 132.9 (CH), 131.0 (CH), 130.9 (CH), 
129.7 (C), 129.6 (CH), 127.5 (CH), 127.1 (CH), 124.9 (CH), 124.8 (CH), 123.4 (CH), 
123.0 (C), 118.0 (C), 115.8 (CH), 111.1 (C), 110.6 (CH), 110.4 (CH), 110.3 (CH), 56.3 
(CH3), 55.9 (CH3), 55.7 (CH3), 52.4 (CH3), 36.5 (CH2), 32.4 (CH2).  
 
Blepharonin A (203) 
Grey film, C29H22O6, [α]D -0.16 (CH3OH, c 0.1); UV: λmaxmethanol nm: 224.5 (4.51), 297.5 
(4.05); ESI-MS m/z (rel. int.): 465.3 (100); HRESI-MS: m/z [M+-H]: 465.1326 (C29H21O6, 
Cal : 465.1338); 1H NMR (500 MHz; in acetone-d6): 7.62 (1H, d 2.0), 7.52 (1H, br s), 
7.31 (1H, d, 8.8), 7.23 (1H, t 7.6), 7.23 (1H, dd 2.0, 8.0), 7.02(1H, dd 1.9, 8.2), 6.98 (1H, 
br d 7.6), 6.97 (1H, d 8.2), 6.90 (1H, br s), 6.85 (1H, d, 8.8), 6.82(1H, d 8.0), 6.62 (1H, d 
12.6), 6.59 (1H, d, 12.6), 6.38 (1H, dd 2.5, 7.6), 3.16 (2H, m), 2.78 (2H, m); 13C (125 
MHz, in acetone-d6): 173.5 (C), 161.4 (C), 160.8 (C), 155.0 (C), 153.0 (C), 146.0 (C), 
142.3 (C), 139.7 (C), 137.0 (C), 135.0 (CH), 132.9 (CH), 132.9 (CH), 131.7 (CH), 131.5 
(CH), 130.9 (C), 130.8 (C), 130.5 (C), 129.7 (C), 129.0 (CH), 128.3 (C), 127.9 (C), 124.2 
(CH), 118.5 (CH), 118.0 (C), 117.7 (CH), 117.5 (CH), 112.6 (CH), 37.7 (CH2), 34.4 
(CH2).  
 
Blepharonin B (204) 
Grey film, C29H24O6, [α]D -23.6 (CH3OH, c 0.33); UV: λmaxmethanol nm: 289 (4.05); ESI-
MS m/z (rel. int.): 469.2 (100), 423.5 (26); HRESI-MS: m/z [M+-H]: 467.1503 (C29H23O6, 
Cal : 467.1495); 1H NMR (500 MHz; in acetone-d6): 7.26 (1H, d, 8.8), 7.18 (1H, t 7.6), 
7.14 (1H, dd 2.0, 8.0), 7.08 (1H, br s), 7.00(1H, br d 8.2), 6.90 (1H, d 8.2), 6.87(1H, d 
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8.0), 6.82 (1H, br d 7.6), 6.73 (1H, br s), 6.55 (1H, d 2.0), 6.36 (1H, br d 7.6), 6.00 (1H, d, 
8.8), 3.20 (2H, s), 3.04 (2H, s), 2.95 (2H, s), 2.77 (2H, s); 13C (125 MHz, in acetone-d6): 
164.0 (C), 160.6 (C), 153.2 (C), 152.9 (C), 146.3 (C), 145.9 (C), 139.6 (C), 136.8 (C), 
135.1 (CH), 134.8 (CH), 134.4 (CH), 131.3 (CH), 130.7 (CH), 130.5 (C), 129.5 (CH), 
128.7 (C), 127.8 (C), 127.3 (C), 124.2 (CH), 123.0 (C), 119.7 (CH), 118.1 (CH), 117.4 



















3.1.6 Balantiopsis erinacea (Tayl.) Mitt.  
3.1.6.1 Introduction 
Balantiopsis erinacea belongs to Balatiopsidaceae. Despite of common terpenoids, 2-
phenylethanol esters (205-210), phenylmethanol esters (211-215), and some other novel 
aromatic compounds (216-217) were isolated from B. cancellate and B. Rosea [152,153].  
R2
R1
205: R1=H   R2=benzoate             
206: R1=H   R2=cis-cinnamate     
207: R1=H   R2=trans-cinnamate
208: R1=H   R2=dihydrocinnamate







211: R1=H   R2=
212: R1=OMe   R2=
213: R1=H   R2=benzoate 
214: R1=OMe   R2=benzoate


















3.1.6.2 Results and discussion 
Plant material was extracted with cold dichloromethane to produce 1.6 g crude extract. 
Chromatography of this extract yielded some fractions. 1H NMR of one of the fractions 
indicated many esters inside. GC-MS analysis of this fraction revealed five compounds 
(205-207, 218-219). From other fractions, benzoic acid (224), cinnamic acid (225), 
vanillin and other esters were isolated and their structures were elucidated.   
 
Isotchin B (209) 
Compound 209 had typical 2-phenylethanol ester 1H NMR signals of two coupled 
methylenes [δH 2.97 (2H, t, 7.5), 4.35 (2H, t, 7.5) and δC 35.2, 64.7] and a mono-
substituted benzene ring [δH 7.31 (3H, m) and 7.23 (2H, m)]. It also contained one trans-
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olefin [δH 5.64 (1H, d, 14.5) and 7.73 (1H, d, 14.5)] and one much shielded methyl group 
[δH 2.32 (3H, s)]. Comparison of its NMR data with those in the literature [153] indicated 























2-hydroxy-2-phenylethyl benzoate (210) 
Compound 210 was isolated as colourless gum. 1H NMR data showed it contained two 
mono-substituted benzene rings [δH 8.05 (2H, m), 7.58 (1H, m), 7.46 (4H, m), 7.39 (2H, 
m), and 7.33 (1H, m)] and one AMX system [δH 5.12 (1H, dd 3.0, 8.2), 4.54 (1H, dd 3.0, 
11.4), and 4.43 (1H, dd 8.2, 11.4)]. The signal at 166.7 ppm in the 13C NMR spectrum 
indicated that this was an ester group. Comparison of the NMR data [152] suggested that 
this was 2-hydroxy-2-phenylethyl benzoate.  
 
2-hydroxy-1-phenylethyl benzoate (220) 
Compound 220, C15H14O3, was isolated as a colourless gum. It had similar NMR data to 
those of compound 210. It also contained two mono-substituted benzene rings [δH 8.11 
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(2H, m), 7.58 (1H, m), 7.46 (4H, m), 7.39 (2H, m), and 7.33 (1H, m)] and one AMX 
system [δH 6.11 (1H, dd 4.0, 7.3), 4.54 (1H, dd 4.0, 12.0), and 4.43 (1H, dd 7.0, 12.3)]. 
The only difference was the chemical shifts of the protons of the AMX system. 13C NMR 
showed there were an oxygenated methylene and an oxygenated methine. Therefore 
compound 220 was suggested to be 2-hydroxy-1-phenylethylbenzoate. Because of the 
anisotropic effect of the carbonyl group, one of the protons in the AMX system was more 
deshielded to show a higher chemical shift.  
 
Phenethyl 4-hydroxybenzoate (221) 
Compound 221 was also a phenylethyl ester. It had 1H signals of two coupled methylenes 
[δH 3.06 (2H, t 7.5) and 4.50 (2H, t 7.5)], one AA'BB' system [δH 7.92 (2H, d 9.0) and 
6.84 (2H, d 9.0)], and one mono-substituted benzene ring [δH 7.31 (2H, m) and 7.23 (2H, 
m)]. This compound was also a phenylethyl benzonate and the only problem was the 
positions of the two benzene rings. For benzoic acid, the chemical shifts were quite 
different because of the anisotropic effect of the carbonyl group. While the protons of the 
mono-substituted benzene ring in 221 were seriously overlapped, therefore the mono-
substituted benzene ring was connected to one methylene group instead of the carbonyl 
group. Compound 221 was suggested to be Phenethyl 4-hydroxybenzoate. 
 
(Z)-phenethyl 3-(methylthio)acrylate (222) 
Compound 222 had similar 1H NMR data to those of 209. They had same numbers of 
signals with same splitting patterns. The only difference was the chemical shifts and 
coupling constants of the olefin. The coupling constant of the olefin in 222 was 10.1 Hz, 
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which indicated it was a cis-olefin. Therefore compound 222 was suggested to be (Z)-
phenethyl 3-(methylthio)acrylate. 
 
(Z)-2-(methylthio)ethyl cinnamate (223) 
Compound 223 had the similar 1H NMR data as 223 and 222. It contained of two coupled 
methylenes [δH 2.99 (2H, t, 7.5), 4.41 (2H, t, 7.5) and δC 34.9, 65.9], a mono-substituted 
benzene ring [δH 7.31 (3H, m) and 7.23 (2H, m)], cis-olefin [δH 6.65 (1H, d, 11.0) and 
7.58 (1H, d, 11.0)] and one much shielded methyl group [δH 2.70 (3H, s)]. The difference 
was the chemical shifts of the olefin. The chemcial shifts of the olefinic protons were 
above 6.50 ppm, which indiciated this was a cinnamate ester. So compound 220 was (Z)-




Balantiopsis erinacea was collected from Chile. Voucher specimens (GXW-021) are 
deposited in Raffles Museum of Biodiversity Research National University of Singapore 
(SINU). 
 
Extraction and isolation 
105 g dry plant materials were powdered and extracted with cold dichloromethane to 
produce 1.6 g crude extract. This crude extract was separated using CC chromatography 
(silica gel, EtOAc : n-hexane = 1:9, 3:7, 5:5, and 6:4) to give eight fractions. GPC 
(Sephadex LH-20 (MeOH : CH2Cl2 = 1:1 as eluent) was used to move fatty acid and 
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chlorophyll from these fractions. Fraction 2 was further separated with CC 
chromatography (silica gel, EtOAc : n-hexane = 1:9) to give pure compounds 205 (25 
mg), 209 (6 mg), 222 (1.7 mg) and fraction BE22. Fraction BE22 was analyzed with GC-
MS to revealed five compounds (206-207, 218-219). Fraction 4 was further separated 
with CC chromatography (silica gel, EtOAc : n-hexane = 2.5 : 7.5) to give 210 (10 mg). 
The fifth fraction was further separated with HPLC (Diol, EtOAc : n-hexane=2.5 : 7.5) to 
produce compound 220 (5 mg), vanillin (0.5 mg), and 221 (0.7 mg). Fraction 7 was 
further separated with CC chromatography (silica gel, EtOAc : n-hexane = 5 : 5) to give 
pure compounds 223 (5 mg) and 224 (20 mg). Fraction 8 contained a mixture of 224 (6 
mg) and 225 (12 mg). 
 
Isotchin B (209) 
C12H14OS, colourless gum, 1H NMR (500 MHz; in CDCl3): 7.74 (1H, d 14.5), 7.31 (2H, 
m), 7.23 (3H, m), 5.54 (1H, 14.4), 4.36 (2H, t, 7.5), 2.97 (2H, t, 7.5), 2.33 (3H, s); 13C 
(125 MHz, in CDCl3 ): 165.1 (C), 147.2 (C), 137.9 (C), 128.9 (CH), 128.9 (CH), 128.5 
(CH), 128.5 (CH), 126.5 (CH), 113.0 (CH), 64.7 (CH2), 35.2 (CH2), 14.3 (CH3). 
 
2-hydroxy-2-phenylethyl benzoate (210) 
C15H14O3, colourless gum, 1H NMR (500 MHz; in CDCl3): 8.05 (2H, m), 7.58 (1H, m), 
7.46 (4H, m), 7.39 (2H, m), and 7.33 (1H, m), 5.12 (1H, dd 3.0, 8.2), 4.54 (1H, dd 3.0, 
11.4), 4.43 (1H, dd 8.2, 11.4); 13C (125 MHz, in CDCl3 ): 166.7 (C), 139.9 (C), 133.2 
(CH), 129.8 (CH), 129.7 (CH), 128.6 (CH), 128.6 (CH), 128.4 (CH), 128.4 (CH), 128.3 
(CH), 72.6 (CH), 69.8 (CH2). 
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2-hydroxy-1-phenylethyl benzoate (220) 
C15H14O3, colourless gum, [α]D +4.9 (CH2Cl2, c 0.35); UV: λmaxdichloromathane nm: 238.5 
(3.54), 275.0 (2.86); EI-MS 70 eV, m/z (rel. int.): 223.9 (20), 212.0 (38), 151.9 (30), 
120.0 (68), 105.0 (100), 91.0 (73), 77.0 (74), 51.0 (46), 44.0 (12); HREI-MS: m/z [M+-
H2O]: 224.0835 (C15H12O2, Cal : 224.0837); 1H NMR (500 MHz; in CDCl3): 8.11 (2H, 
m), 7.58 (1H, m), 7.46 (4H, m), 7.39 (2H, m), 7.33 (1H, m), 6.11 (1H, dd 4.0, 7.3), 4.54 
(1H, dd 4.0, 12.0), 4.43 (1H, dd 7.0, 12.3); 13C (125 MHz, in CDCl3): 166.1, 137.1, 133.3, 
130.0, 129.8, 128.7, 128.5, 128.4, 126.6, 77.4, 66.3. 
 
Phenethyl 4-hydroxybenzoate (221) 
C15H14O3, colourless gum, UV: λmaxdichloromathane nm: 251.5 (3.72); EI-MS 70 eV, m/z (rel. 
int.): 166.0 (42), 151.0 (100), 151.9 (30), 136.0 (25), 121.0 (64), 104.0 (52), 83.9 (63), 
65.0 (25), 49.0 (62), 43.0 (29); 1H NMR (500 MHz; in CDCl3): 7.92 (2H, d 9.0), 7.31 
(3H, m), 7.23 (2H, m), 6.84 (2H, d 9.0), 4.50 (2H, t 7.5), 3.06 (2H, t 7.5).  
 
(Z)-phenethyl 3-(methylthio)acrylate (222) 
C12H14OS, colourless gum, UV: λmaxdichloromathane nm: 287.0 (3.71); 1H NMR (500 MHz; in 
CDCl3 ): 7.31 (2H, m), 7.23 (3H, m), 7.05 (1H, d 10.1), 5.84 (1H, 10.1), 4.36 (2H, t, 7.5), 
2.98 (2H, t, 7.5), 2.40 (3H, s); 13C (125 MHz, in CDCl3 ):166.6 (C), 152.1 (CH), 137.9 
(C), 128.9 (CH), 128.9 (CH), 128.5 (CH), 128.5 (CH), 126.5 (CH), 113.0 (CH), 64.7 




(Z)-2-(methylthio)ethyl cinnamate (223) 
C12H14OS, colourless gum, UV: λmaxdichloromathane nm: 227.0 (2.78), 274.0 (2.97); EI-MS 
70 eV, m/z (rel. int.): 175.0 (10), 122.1 (10), 117.0 (15), 104.0 (100), 91.0 (53), 77.0 (14), 
71.0 (12), 44.0 (20), 40.0 (10); 1H NMR (500 MHz; in CDCl3): 7.57 (1H, d 10.1), 7.31 
(2H, m), 7.23 (3H, m), 6.66 (1H, 10.1), 4.41 (2H, t, 7.5), 2.99 (2H, t, 7.5), 2.70 (3H, s); 
13C (125 MHz, in CDCl3): 163.6 (C), 150.8 (CH), 137.4 (C), 128.8 (CH), 128.5 (CH), 

















3.1.7 Cryptochila grandiflora (Lindenb. & Gott.) Grolle. 
3.1.7.1 Introduction 
For liverwort species Cryptochila grandiflora, no chemistry related papers have been 
published. Our studies revealed three gymnomitrane type sesquiterpenoids and one 
anastreptene derivative from this species. 
 
3.1.7.2 Results and discussion 
(+)-3-gymnomitren-15-ol (226) 
Compound 226, colourless gum, had a molecular formula C15H24O, which was 
determined by HRMS. It had 1H NMR signals (see Table 3-9) of three tertiary methyls 
[δH 1.01 (3H, s), 0.92 (3H, s), and 0.86 (3H, s)], one oxygenated methylene [δH 4.02 (1H, 
dq 13.9, 1.9), 3.95 (1H, dq 13.9, 1.9) and δC 67.1], and one tri-substituted olefin [δH 5.49 
(1H, br s) and δC 121.0, 143.4]. 13C NMR spectrum had signals of three methyl groups, 
six methylenes, two methines and four quaternary carbons. As the unsaturated degree of 
226 was four, it must be tricycle sesquiterpenoid. Comparison its NMR data with those in 
literature suggested that compound 226 was (+)-3-gymnomitren-15-ol [154]. Its absolute 
stereochemistry was determined with the X-ray Crystallography. Treatment of 226 with 
p-bromobenzylsulfonyl chloride in pyridine produced p-bromobenzenesulphate salt (227) 
(see Scheme 3-2). 1H NMR spectrum showed signals of compound 226 with the changes 
of chemical shifts of the oxygenated methylene protons from 4.0 ppm to 5.3 ppm. It also 
contained signals of p-bromobenzenesulphate [δH 7.45 (2H, d 8.4) and 7.73 (2H, d 8.4)] 
and pyridine ring [δH 9.00 (2H, m), 8.41 (1H, m), and 8.06 (2H, m)]. Cubic crystals grew 
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in methanol - dichloromethane mixture and X-ray Crystallography was used to give the 
structure of 227 (see Figure 3-8).  
 
Table 3-9.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 226 in CDCl3   
(J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1 1.94 (1H, dd 11.0, 4.0) 
1.44 (1H, d 11.0) 
C-2, 6 C-5, 7, 11, 14 42.7 (CH2) 
2 1.83 (1H, d 4.0) C-3, 11 C-4, 12, 15 46.9 (CH) 
3    143.4 (C) 
4 5.49 (1H, br s) C-5, C-2, 6, 15 121.0 (CH) 
5 2.23 (1H, br d 18.9) 
1.96 (1H, dq 18.9, 1.9) 
C-4, 6 C-3, 7 40.2 (CH2) 
6    43.8 (C) 
7    55.4 (C) 
8 1.65 (1H, dt 12.6, 6.4) 
1.05 (1H, dt 12.6, 6.4) 
C-7, 9 C-6, 10, 13 37.1 (CH2) 
9 1.55 (2H, dquint 1.9, 6.4) C-10 C-7, 11 27.1 (CH2) 
10 1.68 (1H, dt 12.6, 6.4) 
1.19 (1H, dt 12.6, 6.4) 
C-9, 11 C-2, 8, 12 38.2 (CH2) 
11    58.3 (C) 
12 1.01 (3H, s) C-11 C-2, 7, 10 27.4 (CH3) 
13 0.86 (3H, s) C-7 C-6, 8, 11, 23.6 (CH3) 
14 0.92 (3H, s) C-6 C-1, 5, 7 24.6 (CH3) 
15 4.02 (1H, dq 13.9, 1.9) 
3.95 (1H, dq 13.9, 1.9) 











































Figure 3-12. ORTEP drawing of pyridinium part of 227  
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(-)-β-gymnomitrene (228) 
Compound 228 was isolated as a colourless gum. It had 1H NMR signals (see Table 3-10) 
of disubstituted olefin [δH 4.57 (1H, t 2.5), 4.60 (1H, t 2.5) and δC 107.5, 152.0], three 
tertiary methyl groups [δH 0.84 (3H, s), 0.90 (1H, s), and 1.04 (3H, s)]. The 13C NMR 
spectrum contained signals similar to those of compound 226. It had signals of three 
methyl groups, seven methylenes, one methine and four quaternary carbons. The double 
bond equivalents were four, which indicated this compound also had a tricyclic structure. 
Comparison of the NMR data of 228 with those in the literature suggested that it was (-)-
β-gymnomitrene. It is a common sesquiterpenoid isolated from many liverwort species 
[155-161]. HMBC correlations also supported this structure. 
 
Table 3-10.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 228 in CDCl3 
  (J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1 2.06 (1H, ddd 2.5, 4.5, 11.3) 
1.31 (1H, d 11.3) 
C-2, 6 C-3, 5, 7, 11, 14 46.8 (CH2)
2 2.15 (1H, d 4.5) C-1, 3, 11 C-4, 6, 12, 15 56.0 (CH)
3    152.0 (C) 
4 2.45 (1H, m) 
2.23 (1H, dd 8.2, 16.1) 
C-3, 5 C-2, 6, 15 28.7 (CH2)
5 1.41 (1H, ddd 8.2, 12.0, 13.9)
1.74 (1H, m) 
C--4, 6 C-1, 3, 7, 14 38.0 (CH2)
6    43.0 (C) 
7    54.1 (C) 
8 1.18 (1H, m), 1.80 (1H, m) C-7, 9 C-10 37.0 (CH2)
9 1.82 (2H, m) C-8, 10 C-7 27.4 (CH2)
10 1.90 (1H, m) 
1.09 (1H, ddd, 3.7, 5.1, 15.1)
C-9, 11 C-7, 8, 12 35.5 (CH2)
11    55.4 (C) 
12 1.04 (3H, s) C-11 C-2,  7, 27.5 (CH3)
13 0.90 (3H, s) C-7 C-6, 11, 23.3 (CH3)
14  C-6 C-1, 5, 7 24.7 (CH3)
15 4.60 (1H, t 2.5)  
4.57 (1H, t 2.5) 
C-3 C-2, 4 107.5 (CH2)
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(+)-3-gymnomitren-15-oic acid (229) 
Compound 229, white solid, had molecular formula C15H22O2 determined by HRMS. It 
had 1H NMR signals (see Table 3-11) of three tertiary methyls [δH 0.88 (3H, s), 0.95 (3H, 
s), 1.05 (3H, s)] and one trisubstituted olefin [δH 6.99 (1H, t, 3.2) and δC 135.4, 142.4]. 
This olefinic proton was much more deshielded compared with that in compound 226. 
The signal at 172.4 ppm in 13C spectrum indicated this was a carboxylic acid group. It 
had other signals of three methyl groups, five methylenes, two methines and four 
quaternary carbons. Dichloromethane was used to grow a single crystal of 229. X-ray 
analysis (see Figure 3-9) gave the structure as (+)-3-gymnomitren-15-acid. 2D HMBC 
correlations were used to establish the assignments of the positions of protons and 
carbons.  
Table 3-11.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 229 in CDCl3  
 (J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1 1.95 (1H, dd 4.0, 11.3)  
1.37 (1H, d 11.3) 
 C-3, 5 41.9 (CH2)
2 2.54 (1H, d 4.0) C-1, 3, 11 C-4, 6, 7, 12, 15 45.0 (CH) 
3    135.4 (C) 
4 6.99 (1H, d 3.0)   142.4 (CH) 
5 2.43 (1H, dd 3.0, 20.8) 
2.09 (1H, dd 3.0, 20.8) 
C-4 C-1, 3, 7 41.2 (CH2)
6    44.0 (C) 
7    55.8 (C) 
8 1.08 (1H, dt 12.6, 6.4) 
1.64 (1H, dt 12.6, 6.4) 
C-7 C-6, 10 37.0 (CH2)
9 1.51 (2H, m)  C-7, 11 26.7 (CH2)
10 1.22 (1H, dt 12.6, 6.4) 
1.68 (1H, dt 12.6. 6.4) 
C-11 C-2, 7, 8, 12 38.5 (CH2)
11    58.5 (C) 
12 1.05 (3H, s) C-11 C-2, 7, 10 27.2 (CH3)
13 0.88 (3H, s) C-7 C-6, 8, 11, 23.9 (CH3)
14 0.95 (3H, s) C-6 C-5 24.2 (CH3)
15    172.4 (C) 
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Figure 3-13. ORTEP drawing of 229  
 
(+)-10-methoxy-α-gurjunene (230) 
Compound 230 was the methanolyzed product of 231 [161] (see Scheme 3-3). It had 1H 
NMR signals (see Table 3-12) of three common tertiary methyl groups [δH 0.89 (3H, s), 
1.07(3H, s), 1.10 (3H, s)], a vinyl methyl group [δH 1.67 (3H, br s)], and one methoxy 
group [δH 3.15 (3H, s)]. 13C NMR spectrum showed a tetra-substituted olefin [δC 133.1 
and 137.8]. HMBC correlations from H-14 to C-3, C-4, and C-5 gave the structure unit 1. 
Correlations from H-15 to C-1, C-9, C-10 and from the methoxy group to C-10 
established the structure unit 2. Correlations from H-12 to C-11, C-13 and H-13 to C-11, 
C-12 indicated that these two methyl groups were connected to the same carbon C-11. 
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And correlations from H-12, H-13 to C-11, C-6 and C-7 gave the cyclopropane structure 
unit 3. Correlations from H-1 to C-4, C-5 connected unit 1 with unit 2. Correlations from 
H-2 to C-1, C-3, C-4, C-5 revealed the structure of the five membered ring. Correlations 
from H-7 to C-5 established the connection between unit 1 and unit 3. Correlations from 
H-9 to C-7 connected the unit 2 to unit 3 and finally established the gross structure of 230. 
  
Table 3-12.1H (500 MHz), HMBC and 13C (125 MHz) NMR data for 230 in CDCl3 
  (J in Hz in parentheses) 
Position δH HMBC δC 
  2J 3J  
1 2.91 (1H, m) C-10, 5 C-4 52.1  (CH) 
2 1.78 (2H, m) C-1, 3 C-10, 4, 5 25.2 (CH2) 
3 2.19 (2H, m) C-4 C-1, 5 36.1 (CH2) 
4    137.8  (C) 
5    133.1  (C) 
6 1.12 (1H, d, 8.8) C-7 C-13 25.0  (CH) 
7 0.85 (1H, m) C-6, 11 C-5, 12, 13 28.8  (CH) 
8 1.36 (1H, m) 
1.85 (1H, m) 
C-7, 9 C-6, 10, 11 19.6 (CH2) 
9 2.00 (1H, ddd, 3.0, 5.1, 15.1) 
1.57 (1H, ddd, 3.0, 13.2, 15.1) 
C-8, 10 C-1, 7, 15 36.2 (CH2) 
10    78.8  (C) 
11    21.7   (C) 
12 1.10 (3H, s) C-11 C-6, 7, 13 29.1 (CH3) 
13 0.89 (3H, s) C-11 C-6, 7, 12 16.2 (CH3) 
14 1.67 (3H, br s) C-4 C-3, 5 14.6 (CH3) 
15 1.07 (3H, s) C-10 C-1, 9 23.1 (CH3) 
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Scheme 3-3. Methanolysis of 231 to 230  
 
From Cryptochila grandilfora three gymnomitrene sesquiterpenoids were isolated and 
they were (+)-3-gymnomitren-15-ol (226), (-)-β-gymnomitrene (228), and (+)-3-
gymnomitren-15-oic acid (229). Besides these compounds, another similar aldehyde (-)-
α-gymnomitrenal (232) was also isolated from other plants [157]. GC-MS analysis of the 












Cryptochila grandilfora was from Germany. Voucher specimens (GXW-022) are 
deposited in Raffles Museum of Biodiversity Research National University of Singapore 
(SINU). 
 
Extraction and isolation 
The dried and powdered plant material Cryptochila grandiflora (830 g) was extracted 
with cold dichloromethane to produce crude extract (20 g) after solvent removal. CC 
(EtOAc : hexane step gradient) of this crude extract yielded twelve fractions. GC-MS 
analysis of fraction 1 identified compound 233. Fraction 6 contained 1 : 1 mixture of 
compound 228 and 231. When methanol was used to grow crystals, compound 231 was 
methanolyzed to 230. GPC and CC (EtOAc : n-hexane = 5 : 95) of the methanolyzed 
mixture gave compound 228 (22 mg) and 230 (17 mg). GPC and CC (EtOAc : n-hexane 
= 10 : 90) of fraction 8 gave compound 226 (80 mg). GPC and CC (EtOAc : n-hexane = 
30 : 70) produced compound 229 (20 mg).  
 
Formation of p-bromobenzenesulphonated salt 
(+)-3-gymnomitren-15-ol (226) (20 mg, 1equvi) reacted with p-bromobenzylsulfonyl 
chloride in 2ml pyridine for 24hrs. After that 5ml dichloromethane was added into the 
reactant. Pyridine was removed by washing the organic solution with saturated CuSO4 
water solution until the blue colour did not change any more. Three portions of saturated 
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NaHCO3 (3 x 5ml) were used to wash the organic solution to remove the excess p-
bromobenzylsulfonyl chloride. 12mg product was obtained after the solvent removal. 
 
(+)-3-gymnomitren-15-ol (226) 
C15H24O, colourless gum, [α]D +41.3 (CH2Cl2, c 6.92); EI-MS 70 eV, m/z (rel. int.): 
220.0 (17), 188.9 (20), 123.8 (53), 105.9 (44), 94.9 (100), 80.9 (42), 66.9 (12), 54.9 (23), 
41.0 (17); HREI-MS: m/z [M+]: 220.1826 (C15H24O, Cal : 220.1827); 1H and 13C NMR 
data: (see Table 3-9). 
 
Crystallographic analysis of compound 227 
C26H32BrNO3S, MW 552.50, monoclinic, space group P2(1), unit cell dimensions: a = 
13.7562(6) Å, b = 11.3002(5) Å, c = 16.9343 (7) Å, α = γ = 90°, β = 108.7740(10) °, V = 
2492.34(19) Å3,  Z = 2, Density (calculated) = 1.392 Mg/m3, F(000) = 1088, µ = 1.62 
mm-1. Data were collected using a crystal size ca. 0.16 x 0.14 x 0.10 mm3. 
 
(-)-β-gymnomitrene (228) 
C15H24, colourless gum, [α]D -3.3 (CH2Cl2, c 2.13); EI-MS 70 eV, m/z (rel. int.): 204.0 
(22), 189.0 (15), 175.0 (5), 161.9 (21), 147.0 (10), 133.0 (45), 119.0 (100), 105.0 (50), 






(+)-3-gymnomitren-15-oic acid (229) 
C15H22O2, white solid, [α]D +75.8 (CH2Cl2, c 0.74); EI-MS 70 eV, m/z (rel. int.): 234.0 
(4), 219.0 (6), 189.0 (5), 138.0 (8), 123.0 (12), 105.0 (8), 96.0 (100), 81.0 (74), 67.0 (12), 
55.0 (24); HREI-MS: m/z [M+]: 234.1606 (C15H24O, Cal : 234.1620); 1H and 13C NMR 
data: (see Table 3-11). 
 
Crystallographic analysis of (+)-3-gymnomitren-15-oic acid (229) 
C15H22O2, MW 234.33, triclinic, space group P1, unit cell dimensions: a = 14.3935(19) Å, 
b = 14.7109(18) Å, c = 14.908 (2) Å, α = 91.262(3)° , β = 112.978(3)°, γ = 109.812(3)°, 
V = 2690.5(6) Å3,  Z = 8, Density (calculated) = 1.157 Mg/m3, F(000) = 1024, µ = 0.075 
mm-1. Data were collected using a crystal size ca. 0.60 x 0.56 x 0.12 mm3. 
 
(+)-10-methoxy-α-Gurjunene (230) 
C16H26O, colourless gum, [α]D20 = +84.2 (CH2Cl2, c 1.7); EIMS 70 eV, m/z (rel. int.): 234 
(5), 216 (24), 200 (44), 185 (52), 173 (38), 157 (80), 145 (73), 129 (48), 115 (46), 105 
(60), 91 (68), 85 (100), 77 (48), 55 (56); HREI-MS: m/z [M+]: 234.1977 (C16H26O, Cal : 








3.2 Marchantiidae  
The species belonging to subclass Marchantiidae have planate thalli that are often highly 
simplified in form. One of our studied species Preissia quadrata belongs this subclass. 
 
3.2.1. Preissia quadrata (Scop.) Nee. 
3.2.1.1 Introduction 
Preissia quadrata is a large thallose liverwort, which is distributed in Europe, Asia, 
North America and North Africa. (-)-isolepidozene (234) was isolated from the essential 
oil of this liverwort in 1995 [162]. Preparative GC was used to isolated germacrene (235), 
alismol (236), and cascarilladiene (237) from this species. GC/MS analysis of the 
essential oil with enantioselective column revealed other thirteen sesquiterpenoids [163]. 
Two bisbibenzyls riccardin B (238) and neomarchantin A (239) were also isolated from 
this species [164].  
 
In natural product chemistry, the quantity of studied materials is one of the major 
problems. Secondary metabolites always exist in very small quantity. Under most 
circumstances, large amount of materials are needed to isolate enough secondary 
metabolites. On the other hand, the amounts of materials are always limited for different 
reasons. To tackle this problem, natural chemists borrow plant tissue culture technique 
from biologists. In this technique, plant cells, root-tip, stem-tip or zygotic embryo were 
cultured with special medium under aseptic condition. Biologists use it to study plant 
morphogenesis and development, to produce pathogen-free plant, and to conserve plant 
genetic resources. More recently, this technique is used to generate genetically modified 
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(GM) plants by introducing useful genes for crop improvement, such as resistance to 
insects and plant diseases [165]. Natural product chemists use this technique to obtain more 
studied materials in relative short time, to transform some less important substrates to 
medicinal products, or to recover some new routes of synthesis. Plant tissue culture is 
carried out under controlled environment in which rich nutrition is added, suitable 
temperature is settled, and long time light exposure is applied. Under these optimized 



















3.2.1.2 Results and discussion 
 156
Preissia quadrata was collected from Scotland in July 2005 and maintained on moist 
filter paper in Petri dishes for one month. Gemmae were selected for tissue culture. 
Different gemmae were sterilized with 5% bleach for 3min, 6min, or 10min separately. 
The aseptic tissues were rinsed 3 times with sterilized DI water and transferred to B5 
solid medium. They were kept in culture cabinet under 17 °C for 24 hours light exposure. 
Two of twelve culture gemmae survived and grew 2cm after four months. They were 
subcultured into other 250ml conical flasks containing 100ml B5 solid medium. Twelve 
grams of dry plant materials were harvested after nine months.  
 
A mixture of two compounds was obtained after a series of chromatography separations. 
1H NMR contained typical bisbibenzyl signals of methylenes protons from 2.4 to 3,1 ppm 
and aromatic protons above 6.0 ppm. Comparison these signals with those in the 
literatures revealed two bisbibenzyls riccardin B (238) [166] and neomarchantin A (239) 




Preissia quadrata was collected from Scotland in July 2005. Voucher specimens (GXW-






Extraction and isolation 
12 g dry plants were powdered and extracted with cold diethyl ether and then with 
acetone - water mixture (4: 1). After solvent removal, the diethyl ether extraction 
produced 0.6 g crude extract. This diethyl ether crude extract was separated using CC 
chromatography (silica gel, EtOAc: n-hexane stepwise gradient) to give five fractions. 
Further purification with GPC (Sephadex LH-20 CH3OH: CH2Cl2 = 1:1 as eluent) and 
CC (Silica gel, EtOAc: n-hexane = 2: 8) of second fraction afford a mixture of 238 (6 mg) 
and 239 (3 mg). The mixture was 9 mg and integration of 1H NMR signals showed the 
ratio of 238 and 239 was 2: 1. 
 




KNO3 (Merck, AR), CaCl2·2H2O (Merck, AR), MgSO4·7H2O (Fluka, AR), (NH4)2SO4 
(Merck, AR), NaH2PO4·2H2O (AnalytiCals, AR), MnSO4·2H2O (Merck, AR), 
ZnSO4·7H2O (Merck, AR), KI (Merck, AR), Na2MoO4·2H2O (Merck, AR), CuSO4·5H2O 
(Merck, AR), CoCl2·6H2O (Merck, AR), FeSO4·7H2O (Comak, AR), Na2EDTA·5H2O 
(Sigma,plant cell culture tested), H3BO3 (Sigma,plant cell culture tested), nicotinic acid 
(vitamin B3, Sigma, plant cell culture tested), pyridoxin·HCl (vitamin B6, Sigma, plant 
cell culture tested), thiamin·HCl (vitamin B1, Sigma, plant cell culture tested), inositol 
(vitamin B8, Sigma, plant cell culture tested), sucrose (Sigma, plant cell culture tested), 
Agar (Difco, plant cell culture tested).  
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Composition of Gamborg’s B5 medium (L-1)[168]  
100ml macroelement stock solution; 5ml iron complex; 1ml microelement stock solution; 
1ml vitamin complex; 100mg inositol; 20g sucrose; solidifying agent agar 9g. Solution 
was adjusted to pH 6.1-6.3 with 2M NaOH before autoclave. 
 
Macroelement stock solution (L-1) 
KNO3 (25.00g), CaCl2·2H2O (1.50g), MgSO4·7H2O (2.50g), (NH4)2SO4 (1.34g), 
NaH2PO4·2H2O (1.50g) 
 
Iron complex (in 500ml) 
FeSO4·7H2O (2.78g), Na2EDTA·5H2O (4.13g) 
 
Microelement stock solution (L-1) 
MnSO4·2H2O (18.70g), ZnSO4·7H2O (10.60g), KI (0.83g), Na2MoO4·2H2O (0.25g), 
CuSO4·5H2O (0.025g), CoCl2·6H2O (0.025g), H3BO3 (6.20g) 
 
Vitamin complex (in 50ml) 








Compared to that of mosses, chemistry of liverworts has attracted people’s interests all 
the time. New compounds with new skeletons have kept being published. Our studies of 
about ten liverwort species revealed twenty-four known and twenty new compounds. 
Bisbibenzyl acids (203-204) are two interesting compounds. Although many bisbibenzyl 
derivatives were isolated from different liverwort species, it is the first time for its acid to 
be found. Lunularic acid (241) and lunularine (242) are the two precursors of 
bisbibenzyl’s biosynthesis [169]. The final step may be an oxidative phenol-coupling 
reaction. In order to make this reaction carry out more easily, electron-withdrawing group 
–COOH was removed in some step. As s result, most bisbibenzyls are decarboxylated 
products. Chlorinated bisbibenzyls (176-178) are another type of interesting compounds. 
Chlorinated secondary metabolites are common in marine organisms and rarely found in 
terrestrial plants. However over the last few years chlorinated bibenzyls and their 
derivatives have been isolated from a number of different liverwort species. Diterpenoid 













Chapter 4 Chemosystematics of mosses and liverworts 
 
Chemosystematics was defined as the classification of organism based on the 
biochemical level. Nowadays, more and more natural product chemists are interested in 
bioactive compounds with pharmaceutical or agrochemical uses. Only a few scientists 
keep working to find the ecological roles of natural products. Some of them try to make 
clear the correlations between the distributions of natural products and the taxonomic 
treatment of the species investigated [170].  
 
Scientists estimate that about a quarter of the total plant 20000 to 60000 genes are 
responsible for encoding enzymes for secondary metabolites [171]. These enzymes that 
produce secondary metabolites probably have evolved – initially by accident – from 
enzymes used in primary metabolism, but were genetically fixed when they acquired 
some useful ecological function advantageous to the producing organism. That’s the 
reasons plant species have their specific secondary metabolites. Meanwhile, most of the 
genes, whether formed by duplication or not, will have evolved very slowly. During the 
course of hundreds of millions of years of evolution they resulted in a gigantic number of 
new secondary products. However, in some cases they may have been abrupt major 
changes, resulting in very different enzymes and novel types of compounds. By studying 
chemosystematics, scientists may reveal the evolution process of plants. The results of 
chemosystematics can also be used to show the economic value of threatened plants, 
provide the tools to identify rare and endangered species, and indicate alternative plant 
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sources of valuable medicinal drugs that contain the same or similar active ingredients 
[172].  
 
After more and more secondary metabolites were isolated from bryophyte species, people 
started to study the chemosystematics of this type of plant. In the secondary metabolites 
from bryophyte, flavonoids are very common and widely distributed in bryophyte species. 
Scientists from Germany studied the flavonoid contents of 160 moss species from 73 
genera and 500 liverwort species from 143 genera by 2D-TLC. Results indicated that 
there was no solid base for chemotaxonomic evaluations with flavonoids as marker 
compounds at the order, family or genus level of moss species. For liverwort, it is valid 
only at the family, genus and species level [173]. Japanese scientists also summarized the 
chemistry of bryophytes and discussed the chemosystematics [164]. Reviews about the 
chemistry of bryophytes have been published every few years [174, 175].  
 
The chemistry of bryophyte has provided some useful information. The characteristic 
secondary metabolites from liverwort include a diversity of terpenoids and the exclusive 
compound bisbibenzyl. Mosses contain biflavonoids and some other novel aromatic 
compounds. These results correspond to the physiological character of them. As 
mentioned above, liverworts have many oil bodies that contain large quantities of 
terpenoids. Less terpenoid was found in mosses because of absence of oil bodies. This is 
the difference at the class level. However at the lower levels, no positive conclusion can 
be made up to now.  
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Bisbibenzyls are one group of the characteristic compounds from liverworts. This type of 
compound is mainly distributed in the liverwort species which belong to subclass 
Jungermanniidae order Jungermanniales. However it was also found in the species which 
are under other orders and subclass Marchantiidae. Recently chlorinated bisbibenzyls are 
frequently isolated from liverwort species belonging to different orders under subclass 
Jungermanniidae. Their distribution cannot afford any further taxonomic supports either 
at family or genus levels. Compared to that of liverwort, the chemistry of moss is less 
diverse. On the other hand, some moss species contain very specific compounds, such as 
ohioensins from Polytrichum. These species may have faced abrupt environmental 
changes to result in very different enzyme and secondary metabolites.  
 
In conclusion, the chemistry of bryophyte can only provide taxonomic supporting 
information at class or subclass level. There are many reasons. Firstly, because of the 
difficulties in obtaining enough plant materials, scientists cannot study the bryophyte 
species systematically and extensively. No reporting about some secondary metabolites 
in other orders or families may attribute to the inaccessibility of plant materials. Secondly, 
different environmental conditions can lead to several chemotypes for one species. To 
obtain enough plant materials, some species are even needed to be cultured axenically in 
lab. Under different living conditions, same species may activate different enzyme 
system to produce different compounds. This increases the complexities of 
chemosystematics. Thirdly, the collection time of the studied species may vary from a 
few days to a few years. The secondary metabolites may change due to exposure to light 
or heat during the storage. Fourthly, different parts of plant may contain different 
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compounds. During the discovery of anti-malaria compound quinine from plant 
Cinchona, scientist found that alkaloid level is highest in young leaves. These alkaloids 
are of cinchophylline-type (242), semidimeric indole alkaloids, which are quite different 
from the quinolines (243) presenting in the bark [176]. Bryophytes are usually very tiny 
and not easy to separate fresh and mature parts. Because of the problems mentioned 
above, chemosystematics cannot provide much useful information to the taxonomy of 
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